
123

Thyroid 
Cancer

A Case-Based Approach

Second Edition

Giorgio Grani
David S. Cooper
Cosimo Durante
Editors



Thyroid Cancer



Giorgio Grani • David S. Cooper 
Cosimo Durante
Editors

Thyroid Cancer
A Case-Based Approach

Second Edition



ISBN 978-3-030-61918-3    ISBN 978-3-030-61919-0 (eBook)
https://doi.org/10.1007/978-3-030-61919-0

© Springer Nature Switzerland AG 2016, 2021
This work is subject to copyright. All rights are reserved by the Publisher, whether the whole or part of 
the material is concerned, specifically the rights of translation, reprinting, reuse of illustrations, recitation, 
broadcasting, reproduction on microfilms or in any other physical way, and transmission or information 
storage and retrieval, electronic adaptation, computer software, or by similar or dissimilar methodology 
now known or hereafter developed.
The use of general descriptive names, registered names, trademarks, service marks, etc. in this publication 
does not imply, even in the absence of a specific statement, that such names are exempt from the relevant 
protective laws and regulations and therefore free for general use.
The publisher, the authors, and the editors are safe to assume that the advice and information in this book 
are believed to be true and accurate at the date of publication. Neither the publisher nor the authors or the 
editors give a warranty, expressed or implied, with respect to the material contained herein or for any 
errors or omissions that may have been made. The publisher remains neutral with regard to jurisdictional 
claims in published maps and institutional affiliations.

This Springer imprint is published by the registered company Springer Nature Switzerland AG
The registered company address is: Gewerbestrasse 11, 6330 Cham, Switzerland

Editors
Giorgio Grani
Department of Translational and Precision 
Medicine
Sapienza University of Rome
Rome
Italy

Cosimo Durante
Department of Translational and Precision 
Medicine
Sapienza University of Rome
Rome
Italy

David S. Cooper
Division of Endocrinology, Diabetes, and 
Metabolism
The Johns Hopkins University School  
of Medicine
Baltimore, MD
USA

https://doi.org/10.1007/978-3-030-61919-0


v

Preface to the Second Edition

There have been few instances in the field of thyroidology as startling and dramatic 
as the epidemic of differentiated thyroid cancer in virtually all developed and devel-
oping countries around the world. Whether this is due, as many suspect, to increases 
in radiologic procedures and screening, or to environmental factors, such as radia-
tion, or both, continues to be a matter of intense debate. However, for the clinicians 
caring for the large number of new and prevalent thyroid cancer patients, there is no 
debate about the need for current, practical, and evidence-based information on 
management. This is especially the case for our patients with low-risk papillary 
thyroid cancer, who represent the vast majority of thyroid cancer patients in the 
twenty-first century. In this group, we are learning that “less is more” in terms of the 
traditional treatments of surgery, radioiodine, and thyroxine suppressive therapy. 
Also, the need for immediate biopsy (and surgery) in the case of small, subcentime-
ter, low-risk suspected papillary thyroid cancer is questioned. On the other end of 
the spectrum, patients with more advanced disease are benefitting from new tar-
geted therapies with a host of new pharmaceutical agents, as well as local treatments 
directed at individual metastatic lesions. In addition, new approaches to less com-
mon forms of thyroid malignancy, including medullary thyroid cancer and anaplas-
tic cancer, are also being developed.

There are textbooks of thyroid disease in general and of thyroid cancer specifi-
cally; they provide the reader with a vast amount of important information related 
to etiology, epidemiology, diagnosis, and management. We also know that there are 
extensive data available electronically that provide helpful guidance with the click 
of a mouse. The object of this text, however, is to provide the practitioner with clini-
cally relevant information in the context of the classical medical learning tool, the 
case history.

These illustrative thyroid cancer cases have been selected to cover the almost 
innumerable clinical issues encountered in the care of thyroid cancer patients. The 
textbook begins with cases highlighting the initial management of differentiated 
thyroid cancer. Part I includes diagnostic difficulties in patients with indeterminate 
thyroid nodules and encompasses a host of examples of the initial management of 
differentiated thyroid cancer of varying degrees of complexity. Part II provides case 
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histories of patients who are undergoing postoperative follow-up with surveillance 
of varying degrees of intensity, including those who have undergone lobectomy as 
well as patients discovered to have metastatic disease. Part III presents special 
issues in thyroid cancer, including the management of thyroid cancer in pregnant 
patients, the elderly, and in those who have had postsurgical complications such as 
hypoparathyroidism and recurrent laryngeal nerve damage. Part IV comprises case 
histories of high-risk patients with local or distant metastatic disease, including 
children and the elderly. Part V presents a series of patients with locally invasive 
and/or widely metastatic disease who have become radioiodine refractory. This sec-
tion includes detailed discussions of “targeted therapies,” their indications, adverse 
effects, and expected therapeutic outcomes. Finally, we have included individual 
sections devoted to the care of patients with medullary thyroid cancer and anaplastic 
thyroid cancer. For this second edition, we have invited Giorgio Grani, M.D., Ph.D., 
from the University of Rome to edit the volume with us, and we have asked all con-
tributors to update their cases to reflect current evidence-based practice. Some chap-
ters were removed, and others added, to reflect the changing picture of thyroid 
cancer care over the last five years.

All the case histories are written by an international group of authorities in the 
field of thyroid cancer, and all recommendations are based on evidence-based clini-
cal practice guidelines and data from the recent published literature. We wish to 
thank all the contributors to the book. They have done what we asked: to ensure that 
their case reports were brief, succinct, and current, and to provide guidance in areas 
of controversy. We also wish to thank our partners at Springer for their superb assis-
tance and support in the production of the book. We hope this novel text will provide 
guidance to all those who seek to increase their understanding of thyroid cancer 
management.

Rome, Italy Giorgio Grani, MD, PhD
Baltimore, MD, USA David S. Cooper, MD
Rome, Italy Cosimo Durante, MD, PhD 
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 Case Presentation

A 76-year-old woman presents for the evaluation of a thyroid nodule that was found 
incidentally on carotid ultrasound. She denies a family history of thyroid cancer or 
exposure to external beam radiation as a child. Her serum TSH level is 2.3 mIU/L. On 
physical exam, there is a 2.5 cm palpable right thyroid nodule. A diagnostic ultra-
sound reveals a 27 × 29 × 38 mm solid, isoechoic nodule with smooth margins and 
without any microcalcifications; cervical lymph nodes appear normal (Fig. 1.1). A 
fine-needle aspiration (FNA) with ultrasound guidance yields a cytologic diagnosis 
of “suspicious for follicular neoplasm” (Bethesda IV).

 Assessment and Literature Review

Once a clinician is confronted with a patient with a cytologic diagnosis of follicular 
neoplasm, now classified as Bethesda IV in The Bethesda System for Reporting 
Thyroid Cytopathology (TBSRTC) [1], the relevant clinical question is that patient’s 
likelihood of having thyroid cancer. The malignancy risk for a nodule with a cyto-
logic diagnosis of “suspicious for follicular neoplasm”/“follicular neoplasm” 
(henceforth referred to as a FN nodule) is approximately 25–40%, and this decreases 
by up to 40% if tumors now classified as noninvasive follicular thyroid neoplasm 
with papillary-like nuclear features (NIFTPs) are removed from the calculation [1].

Recent studies have shown that the sonographic pattern of a FN nodule, if either 
likely benign or highly suspicious, may modify malignancy risk and lead directly to 
recommendations to either surveillance or surgery, respectively [2, 3]. However, for 
80–85% of FN nodules, the sonographic pattern does not alter the FN cytology asso-
ciated with malignancy risk; for these nodules, molecular testing may be indicated.

Fig. 1.1 Longitudinal (a) and transverse (b) grayscale sonographic appearance of a 
27  ×  29  ×  38  mm solid, isoechoic, noncalcified nodule with regular margins (ATA low suspi-
cion, TR3)

D. Desai and S. J. Mandel
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The application of molecular diagnostic tools to FN nodules is predicated upon 
the assumption that results can further refine malignancy risk in these patients where 
cytology is not definitive. If molecular testing techniques were 100% sensitive and 
specific for the diagnosis of all thyroid cancer histologies, this technology could 
replace cytologic analysis. Perhaps future testing strategies will achieve this goal, 
but current commercially available molecular diagnostics do not. Therefore, to 
interpret the results of these molecular tests for an individual patient, the clinician 
must understand the reported negative and positive predictive values and their deri-
vation from recently published studies.

A high negative predictive value (NPV) signifies that the false negative rate is 
very low when the test result is negative, e.g., NPV of 97% is associated with a 
cancer risk of only 3%. On the other hand, a high positive predictive value (PPV) 
indicates that the likelihood of malignancy is high when the test is positive, e.g., 
PPV of 90% means that cancer is present in 90% of patients with this result. The 
point estimates for NPV and PPV for a given test vary based upon the prevalence of 
disease (thyroid cancer) in the tested population. For example, when the cancer risk 
is low, e.g., 10%, even a test with a sensitivity of 60% will be associated with an 
NPV of over 95%. Here, because there are so few cancers in the population, the 
absolute number of cases where the test fails to accurately diagnose cancer is very 
low, and this does not significantly decrease the NPV. But, as the cancer rate rises, 
this same test with 60% sensitivity will miss more diagnoses leading to a higher 
false-negative rate and lowering the NPV. On the other hand, the PPV rises as the 
population disease risk increases because false-positive results decrease when there 
are fewer patients without thyroid cancer.

Therefore, for a given patient, the interpretation of results from currently avail-
able molecular diagnostics depends upon the patient’s baseline malignancy risk 
after cytologic diagnosis, i.e., the “pretest probability.” Certain factors may modify 
the risk of malignancy associated with a FN cytologic result and could potentially 
alter the interpretation of subsequent molecular diagnostic results. Prior to the dis-
cussion of the recent publications about the application of molecular testing, we will 
review the literature on patient demographics and nodule sonographic imaging that 
may alter the malignancy risk associated with a FN nodule.

 Part I: Risk of Malignancy

 Limitations of Cytologic and Histologic Interpretations

Using TBSRTC, the diagnosis of Bethesda IV (“suspicious for follicular 
neoplasm”/“follicular neoplasm”) is rendered on average in 10–15% of FNAs, but 
center-specific rates may vary from 1.2% to 25.3% [4]. Of the three indeterminate 
cytology classifications defined by TBSRTC [1], follicular neoplasm is the most 
reliably reproducible. Interobserver diagnostic agreement is considered fair (kappa 
0.5), based on Fleiss’ criteria for interpreting kappa values [5].

1 A Patient with a Single Thyroid Nodule Suspicious for Follicular Neoplasm…
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Prior to the widespread adoption of molecular testing, the standard of care for 
patients with this cytologic diagnosis had been diagnostic lobectomy, eventually fol-
lowed by completion thyroidectomy if histology was malignant. In large studies pre-
dating molecular testing, about 60–70% of patients with FN nodules have been 
observed to undergo surgery [4, 6]. Approximately 25% of these FN nodules were 
malignant on histology [4, 7], with center-specific rates ranging from 14% to 49% 
[7]. Of these cancers, 27% were follicular carcinomas, but most (68%) were papillary 
thyroid cancers, with the low-risk follicular variant as the most common subtype [6].

However, this observed risk of malignancy for a FN nodule predates the 2016 
reclassification of the encapsulated follicular variant papillary thyroid cancer 
(EFVPTC) as a noncancerous lesion termed “noninvasive follicular thyroid neo-
plasm with papillary-like nuclear features (NIFTP),” a name more accurately 
describing its behavior [8]. The diagnosis of NIFTP is applied to tumors previously 
called EFVPTC when no capsular invasion is identified after sampling the entire 
tumor capsule. The NIFTP reclassification was done because of its extremely low 
recurrence risk, hence mandating de-escalation of clinical management to prevent 
overtreatment [8].

In contemporary practice, if NIFTP tumors are no longer considered malignant, 
the risk of malignancy for FN cytology nodules decreases by 20–40% and may vary 
depending upon institutional prevalence of EFVPTC [9, 10]. Overall, TBSRTC esti-
mates the range for the cancer risk of Bethesda IV cytology as 25–40% if NIFTP is 
considered malignant and as 10–40% if it is not [1]. Nevertheless, the diagnosis of 
NIFTP requires surgical removal to be confirmed by documentation of the lack of 
tumor capsular invasion. Patients with these tumors require the same surveillance as 
a very low-risk malignancy.

 Demographic and Sonographic Features Predictive 
of Malignancy

Once a nodule has a cytologic diagnosis of FN, some studies have reported that 
certain clinical features, including male gender, age, and the presence of a solitary 
nodule, are predictive of malignancy, but these findings have not been consistent 
[11–15]. Large nodule size, in contrast, may be a reliable predictor of follicular 
thyroid carcinoma [12, 14]. Nodule size greater than or equal to 2.8 cm has been 
associated with an 11-fold increased risk of follicular thyroid carcinoma, but not 
with an increased risk of papillary thyroid carcinoma, which is typically smaller 
[14]. For example, in one study [12], nodule size only achieved statistical signifi-
cance as a predictor of malignancy in FN nodules after papillary carcinoma was 
excluded from the analysis. Consistent with these findings, nodule size was not 
predictive in three studies when the malignant histologic diagnoses were predomi-
nately papillary [15–17]. Only a single study with predominately follicular cancers 
failed to show nodule size as a significant predictor [18].

Ultrasound examination of the thyroid is the initial diagnostic test of choice 
when an abnormal thyroid is palpated or an “incidental” thyroid nodule is 
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discovered on another radiologic study. Several professional societies have created 
tiered risk-stratification systems (RSS) to classify thyroid nodules into categories 
based on combinations of sonographic features associated with cancer. Each class is 
associated with a size cut-off for FNA recommendations. The two systems most 
commonly used in the United States are the American Thyroid Association (ATA) 
sonographic pattern classification [19] and the American College of Radiology 
Thyroid Imaging Reporting and Data System (ACR TI-RADS) [20].

The ATA system is based on the identification of sonographic patterns derived 
from nodule composition, echogenicity, margins, and shape, in addition to the pres-
ence/absence of microcalcifications and abnormal cervical lymph nodes. Based 
upon combinations of these characteristics, it stratifies thyroid nodules into five 
levels of suspicion with respective risks of malignancy: benign, 1%; very low sus-
picion, <3%; low suspicion, 5–10%; intermediate suspicion, 10–20%; and high sus-
picion, >70–90% [19]. On the other hand, the ACR TI-RADS system is a scoring 
system where 0–3 points are assigned to the characteristics of five ultrasound fea-
tures: composition, echogenicity, shape, margins, and echogenic foci. A sum of 
these assigned points stratifies the risk of malignancy into five levels (TR1 to TR5) 
classified respectively as benign, not suspicious, minimally suspicious, moderately 
suspicious, or highly suspicious for malignancy [20]. The recommended nodule 
size thresholds are slightly different between these classification systems (Table 1.1).

Table 1.1 Comparison of ATA classification system of thyroid nodules and ACR TI-RADS system

ATA
(2015)

ACR TI-RADS
(2017)

Benign
Risk of malignancy < 1%
FNA is not indicated
Purely cystic nodules (no solid component)

TR1 benign
Risk of malignancy 2%
FNA is not indicated
Spongiform
Pure cyst
TR2 not suspicious
Risk of malignancy 2%
FNA is not indicated
Mixed cystic or solid noncalcified 
nodules with smooth margins and oval 
shape

Very low suspicion
Risk of malignancy <3%
FNA ≥20 mm or observation
Spongiform or partially cystic nodules without any of 
the US features defining low-, intermediate-, or 
high-suspicion patterns

TR3 mildly suspicious
Risk of malignancy 3%
FNA ≥ 25 mm
Isoechoic solid or hypoechoic cystic 
noncalcified nodules with smooth 
margins and oval shape

Low suspicion
Risk of malignancy 5–10%
FNA ≥15 mm
Isoechoic or hyperechoic solid nodule or partially 
cystic nodule with eccentric solid area without: 
microcalcifications, irregular margin, extrathyroidal 
extension, taller-than-wide shape

(continued)

1 A Patient with a Single Thyroid Nodule Suspicious for Follicular Neoplasm…
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Recent studies have evaluated whether the sonographic appearance of a FN nod-
ule may better refine the cancer risk (including NIFTP) within the range reported by 
TBSRTC [2, 3]. For the sonographically low suspicious nodules (ATA very low 
suspicion and TR1 and TR2), there were no cases of malignancy. Hence for these 
nodules, clinical observation may be offered without further testing. For the sono-
graphically high suspicious nodules (ATA high suspicion and TR5), the risk of 
malignancy was observed to be 50–60%. Hence, surgical intervention should be 
considered as molecular testing may not offer any additional benefit. However, most 
(~80%) FN nodules have imaging features that fall into low to intermediate suspi-
cion categories (ATA low and intermediate suspicion, TR3, and TR4), and for these, 
the cancer risk remains at 15–35%, the range for which molecular testing is gener-
ally considered. Hence, molecular testing has become an important diagnostic tool 
for nodules with indeterminate cytology [21].

 Part II: Molecular Evaluation

The appropriate application of diagnostic molecular testing is based upon three 
principles: analytical validation, clinical validation, and clinical usefulness. 
Analytical validation refers to test precision and reproducibility, even across 

ATA
(2015)

ACR TI-RADS
(2017)

Intermediate suspicion
Risk of malignancy 10–20%
FNA ≥10 mm
Hypoechoic solid nodule with smooth margins 
without: microcalcifications, extrathyroidal extension, 
or taller-than-wide shape

TR4 moderately suspicious
Risk of malignancy 5–20%
FNA >15 mm
Hypoechoic solid noncalcified nodules 
with oval shape and either smooth or 
irregular or lobulated margins
Isoechoic solid or mixed noncalcified 
nodules with either nonparallel 
orientation (taller than wide) or 
punctate echogenic foci

High suspicion
Risk of malignancy >70–90%
FNA ≥10 mm
Solid hypoechoic nodule or solid hypoechoic 
component of partially cystic nodule with ≥1 of the 
following:
  Irregular margins (infiltrative, microlobulated)
  Microcalcifications
  Taller-than-wide shape
  Rim calcifications with small extrusive soft tissue
  Extrathyroidal extension

TR5 suspicious
Risk of malignancy “at least 20%”
FNA >10 mm
Hypoechoic solid nodule with any of 
the following:
  Nonparallel orientation (taller than 

wide)
  Extrathyroidal extension
  Punctate echogenic foci
Isoechoic solid nodule with irregular or 
lobulated margins and either peripheral 
rim calcifications or punctate 
echogenic foci

Adapted from [28]

Table 1.1 (continued)
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different processing and storage methods. As determined by Congress, all molecu-
lar tests should be performed in Clinical Laboratory Improvements Amendments-
certified laboratory. Clinical validation is the ability of the test to detect either 
thyroid nodule benignity or malignancy when applied in prospective blinded clini-
cal studies. This includes the determination of test sensitivity and specificity, and 
the calculation of NPV and PPV. While NPV and PPV are dependent on the disease 
prevalence in a population, the sensitivity and specificity are independent of the 
same and intrinsic features of the method. The third principle of clinical usefulness 
signifies the socioeconomic consequences of molecular testing in real clinical prac-
tice and the overall health outcome while considering the broader needs of an indi-
vidual, family, and society [21, 22].

Commercial molecular diagnostic testing for thyroid nodules may include analy-
sis for DNA point mutations and fusions, mRNA expression, and miRNA changes. 
Earlier generation molecular tests had either more limited specificity, e.g., Afirma 
Gene Expression Classifier (GEC), or sensitivity, e.g., ThyroSeq v2. However, the 
two most commonly used current molecular diagnostics have improved 
performance.

The Afirma Gene Sequencing Classifier (GSC) is a RNA-sequencing-based 
test that includes 12 classifiers composed of 10,196 genes (1115 core genes) 
plus 7 additional components to identify parathyroid lesions, MTC, BRAF V600 
E mutations, RET/PTC1 or RET/PTC3 fusions, and Hürthle cell lesions. A 
blinded clinical validation study, using the same cohort of the original GEC 
study, assessed the performance of GSC in 191 indeterminate nodules (Bethesda 
III and IV) from 49 sites, and the test revealed a high sensitivity of 90% and 
improved specificity of 64% compared to the GEC (38%) for Bethesda IV. With 
a baseline 47% cancer prevalence for Bethesda IV, the NPV was 97% and the 
PPV was 47% [23].

The ThyroSeq v3 Genomic Classifier (GC) adopts next-generation sequencing 
technology to analyze 112 genes using 5 classes of genetic alterations, including 
point mutations, insertions/deletions, gene fusions, copy number alterations, and 
abnormal gene expression. Then based upon algorithmic analysis, the result is clas-
sified as either negative or positive. A small number of ThyroSeq results (~5%) are 
classified as “currently negative” because of the presence of a low-risk mutation at 
a low allelic frequency. The reported cancer risk for such nodules is 5–10% [24]. A 
recent prospective, double-blinded, multicenter validation study reported 97% sen-
sitivity and 75% specificity for cases diagnosed as Bethesda IV. Given a baseline 
cancer prevalence of 35%, the NPV and PPV estimates were 97% and 66%, respec-
tively [25]. Publications discussing real-world application of both tests report con-
sistent findings.

If resected, FN nodules with a positive Afirma GSC or ThyroSeq v3 GC results 
are generally low-risk follicular-patterned cancers [26]. In our institution, for the 
FN nodules that were ThyroSeq v3 GC positive, the most common mutations 
observed were RAS mutations corresponding to low-risk carcinomas. It is unusual 
for mutational analysis of a FN nodule to reveal the high-risk combination of both 
BRAF V600E and TERT mutations [25] for which more aggressive surgery is 
indicated.

1 A Patient with a Single Thyroid Nodule Suspicious for Follicular Neoplasm…
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 Part III: Surgical Management

The most recent ATA recommendations state that lobectomy suffices for low-risk 
papillary and follicular cancers, defined by tumor size less than 4 cm and without 
vascular invasion, extrathyroidal extension, or metastatic lymph node involvement 
[19]. Hence, for a FN nodule with positive result from either Afirma GSC or 
ThyroSeq v3 GC, lobectomy should be considered after sonographic evaluation of 
cervical lymph nodes. Other considerations may influence the extent of surgery: the 
presence of contralateral nodules, concomitant hypothyroidism or hyperparathy-
roidism, as well as patient preference and comorbidities. Patients with preoperative 
serum TSH levels <1.7 mIU/L are more likely to remain euthyroid after lobectomy 
alone than those with higher levels [27].

 Management of the Case

This patient has a follicular neoplasm cytologic diagnosis (Bethesda IV) without 
any known risk factor for thyroid cancer. On ultrasound, the nodule is 27 × 29 × 38 mm 
in size, solid, isoechoic, with regular margin, and without any microcalcifications. 
The sonographic appearance is consistent with ATA low suspicion or TR3. Hence, 
the pretest risk of malignancy associated with this nodule is ~15–35%. The patient 
elected to proceed with molecular testing with the ThyroSeq v3 GC for risk stratifi-
cation. Her result was “negative,” associated with an NPV of ~97%. A repeat ultra-
sound 18 months later documented stability in size and sonographic appearance.

Clinical Pearls
• The risk of malignancy for a FN nodule is approximately 25–40% (and 

decreases to 10–40% if NIFTP is considered benign).
• The sonographic appearance of a FN nodule using an ultrasound risk strati-

fication system (ATA or ACR TI-RADS) may refine the nodule’s malig-
nancy risk. While an ATA very low suspicion or TR1 or TR2 nodule can be 
observed, an ATA high suspicion or TR5 nodule should be directly referred 
to surgery. For ATA low or intermediate suspicion or TR3 or TR4 nodules, 
molecular testing should be considered.

• ThyroSeq v3 GC and Afirma GSC are the most common molecular tests in 
current practice and have improved performance compared to earlier ver-
sions. The application of these tests is predicated upon understanding that 
as the baseline risk of cancer (i.e., the “pretest probability”) increases, the 
negative predictive value decreases and the positive predictive value 
increases.

• If FN nodules that test positive on molecular testing are malignant, these 
are generally low-risk tumors, and, often, lobectomy suffices.

D. Desai and S. J. Mandel
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Chapter 2
A Young Patient with Intrathyroidal 
Papillary Thyroid Cancer and Family 
History of Differentiated Thyroid Cancer

Giorgio Grani, Valeria Ramundo, and Cosimo Durante

 Case Presentation

A general practitioner referred an asymptomatic 39-year-old man to our center for 
thyroid ultrasonography. The patient had no evidence of thyroid disease, and his 
past medical history was unremarkable. However, his mother and his uncle had both 
been diagnosed with papillary thyroid cancer (PTC). Both had been treated with 
thyroidectomy followed by radioactive iodine (RAI) remnant ablation (RRA), and 
the uncle also had had multiple RAI therapies for RAI-avid lung metastases. At the 
time of the patient’s referral, they had been disease-free for 5 and 1.5 years, respec-
tively. There was no documentable history of radiation exposure.

The patient’s physical examination was negative, but thyroid and neck ultraso-
nography revealed multiple solid hypoechoic nodules in both lobes of the thyroid. 
The largest one, which was located in the left lobe, measured 10 mm and exhibited 
intranodular punctate hyperechoic foci. There was no clinical or sonographic evi-
dence of lymph node involvement. The patient was euthyroid (serum TSH: 
1.4 mIU/L). The dominant nodule, being classified as high suspicion by the 2015 
American Thyroid Association (ATA) guidelines [1] (and other sonographic risk- 
stratification systems) [2], was subjected to fine-needle aspiration biopsy (FNAB), 
and the cytology findings were consistent with PTC (Bethesda class VI) [3]. A total 
thyroidectomy was performed. The pathology showed multifocal, bilateral, classic 
variant PTC (lesion diameters: left lobe, 9 and 2 mm; isthmus, 4 mm; right lobe, 
5  mm). There was no evidence of extrathyroidal extension or vascular invasion 
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(pT1am, N0b—Stage 1, AJCC/TNM VIII Edition) [4, 5] . Based on the 2009 ATA 
Initial Risk Stratification System [6], and its update [1], the patient’s disease was 
considered at low risk for recurrence. Because the case met the current criteria for 
familial nonmedullary thyroid cancer (FNMTC), however, the possibilities that the 
patient might actually be at higher risk than he seemed to be and that other members 
of his family might be genetically predisposed to thyroid cancer had to be considered.

 Literature Review

Approximately 3–10% of all NMTCs appear to be familial [7]. Excluding those 
tumors linked to syndromes (e.g., familial adenomatous polyposis, Gardner’s syn-
drome, PTEN hamartoma tumor syndrome, Werner’s syndrome, or Carney’s com-
plex), most of these cases have not been linked to specific genetic causes. Some 
candidate loci (MNG1, TCO, fPTC/PRN, NMTC1, FTEN) and genes (FOXE1, 
telomere telomerase complex, TITF-1/NKX2·1, and SRGAP1) have been proposed, 
but a specific genetic testing approach is not available [7, 8]. Therefore, the diagno-
sis is generally made when NMTC has been found in two or more first-degree rela-
tives. When cases are defined in this manner, the probability that affected family 
members actually have sporadic tumors has been estimated at about 30–40%, but 
when three of more members of a kindred are affected, the probability of hereditary 
disease climbs to over 96% [9].

Management of patients with FNMTC should be based for the most part on the 
ATA risk class of the individual patient, although a positive family history is consid-
ered to be a potential risk modifier. In terms of surgery, for example, the 2015 ATA 
guidelines list familial disease as one of the possible indications for choosing thyroid-
ectomy over lobectomy (others being age >45 years, the presence of nodules in the 
contralateral lobe, or a personal history of radiation therapy to the head and neck). 
The issue of RRA in this context is even more of a gray area. Our patient had multiple 
foci of PTC, each with a maximum diameter of less than 1 cm, and his risk for recur-
rence was thus classified as low. There is an appreciable difference between the risks 
of recurrence associated with unifocal and multifocal papillary microcarcinomas 
(1–2% vs. 4–6%, respectively), especially when the sum of the diameters of the tumor 
foci exceeds 1 cm (as it did in our patient) [10, 11]. Nonetheless, the risk remains low 
in both cases, and there is no evidence that RRA improves the disease-specific or 
disease-free survival in either case—unless there are other high- risk features [1].

Does the fact that the multifocal disease is familial rather than sporadic consti-
tute an additional high-risk feature that could tip the scales in favor of RRA? 
Conflicting data have been published on the clinical behavior of FNMTCs. Some 
studies suggest that they are indeed more aggressive than their sporadic counter-
parts, as reflected by higher rates of extrathyroidal invasion, lymph node metastases, 
and postoperative recurrence and significantly lower rates of disease-free survival 
[12–14]. Others studies, however, have found that the prognosis for FNMTC (even 
in kindreds with three or more affected members) is not significantly different from 
that of similarly treated sporadic NMTCs, even though the familial cases were 
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associated with higher rates of multifocal involvement in index cases and a possibly 
greater tendency to spread outside the thyroid [15]. The discrepancies between 
these findings have been attributed to the possible polygenetic etiology of FNMTC 
suggested by the wide variation in penetrance documented in many large pedigrees 
[7]. It has also been suggested that closer surveillance of the relatives of patients 
who have FNMTCs leads to earlier diagnosis and treatment of familial forms of the 
disease, thereby improving the prognosis and attenuating evidence of their increased 
aggressiveness relative to sporadic NMTCs [7].

The actual value of screening thyroid ultrasonography for unaffected family 
members is also uncertain. Formal cost-benefit studies have yet to be undertaken, 
but the results will in any case reflect features of the local health-care system. In 
general, screening of apparently healthy individuals believed to be at increased risk 
for cancer is recommended when five criteria proposed by the World Health 
Organization are satisfied. To implement an early detection program, (1) the candi-
date cancers should be frequent; (2) a high rate of patients should present in 
advanced stages; (3) cost-effective, early detection methods should be available and 
easily accessible for the candidate group; (4) diagnosis, treatment, follow-up, and 
quality assurance procedures can be implemented; and (5) the benefits of early 
detection should outweigh the risks, in terms of complications and negative effects. 
Thyroid ultrasonography with FNAB confirmation is available and easily accessi-
ble, as well as treatment and follow-up protocols. However, there is no conclusive 
evidence that FNMTCs are more aggressive than their sporadic counterparts or that 
an early detection may improve patient outcomes [16]. For this reason, ultrasound- 
based screening is discouraged in asymptomatic adults by the US Preventive 
Services Task Force [17, 18]. The 2015 ATA guidelines acknowledge that ultrasound- 
based screening may lead to earlier diagnosis of thyroid cancer in these cases, but 
the panel refrains from recommending for or against this practice since evidence is 
lacking that it would diminish morbidity or mortality [1].

 Back to the Patient

In kindreds with only two members having DTCs, the possibility that the cancers 
may actually be sporadic is substantial. Our patient, however, was the third member 
of his family to develop PTC, so the likelihood of true familial disease was much 
higher. We discussed the fact that his own cancer had all the earmarks of being low 
risk for recurrence, and we reviewed the pros and cons of RRA, including data 
showing lack of benefit from radioiodine therapy in patients with multifocal 
microPTC [19, 20]. Nevertheless, the patient opted for ablation, noting that both his 
mother and uncle had received the same treatment and “they seem to be doing pretty 
well.” He was also strongly in favor of sonographic screening for his siblings and 
his children. Following the diagnosis of her brother’s thyroid cancer, he said his 
mother had had a thyroid scan (it was not clear who had ordered the test) and that 
“as a result of that precaution,” she had experienced far less morbidity than her 
brother.

2 A Young Patient with Intrathyroidal Papillary Thyroid Cancer and Family History…
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The patient underwent RRA (administered activity: 30 mCi), and at the 1-year 
follow-up visit, the cervical ultrasound examination revealed no macroscopic evi-
dence of residual thyroid tissue and no findings suggestive of lymph node involve-
ment. The recombinant human TSH-stimulated thyroglobulin level was 0.8 ng/mL 
(normal: <1), and the thyroglobulin antibody assay was negative. His sister (age 41) 
and his two brothers (51 and 48 years old) have all undergone screening sonography 
in our center. The sister’s examination revealed a 12-mm nodule in the right lobe, 
with suspicious sonographic and cytologic features (Bethesda class V) [1]. She is 
scheduled for surgery in the near future and promises to become the fourth member 
of the family with thyroid cancer. The patient’s two children, currently 2 and 3 years 
old, will be screened after puberty.
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• At present, there is no convincing evidence that the treatment strategies 

indicated by the initial ATA risk classification of NMTC should be sub-
stantially modified solely because the disease seems to be familial rather 
than sporadic.

• Likewise, there is no evidence that sonographic screening of unaffected 
family members in these kindreds will have any significant impact on mor-
bidity or mortality.

• Treatment planning with patients who have been diagnosed with familial 
neoplastic disease can be “complicated” by psychological factors that are 
absent in cases of sporadic cancer, e.g., the patient’s recall of loved ones 
who have had the disease and anxiety over the prospect of other cases in 
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Chapter 3
A Case of a Small (1–2 cm) Papillary 
Thyroid Cancer in a Young Patient: 
Lobectomy Versus Total Thyroidectomy

Gerard M. Doherty

 Case Presentation

A 35-year-old woman was referred to a thyroid clinic due to a newly identified pal-
pable nodule in the left thyroid lobe. She had no history of neck surgery, voice 
changes, prior thyroid nodules, significant radiation exposure, or family history of 
thyroid disease. Physical examination included a palpable firm left thyroid nodule, 
a normal voice, and no cervical adenopathy. Thyroid ultrasound confirmed that the 
palpable nodule was a solitary hypoechoic 18 mm left thyroid nodule with irregular 
borders and scattered microcalcifications (classified as “high suspicion” according 
to the 2015 American Thyroid Association (ATA) guidelines). A formal ultrasound 
nodal survey showed no abnormal lymph nodes, and fine-needle aspiration cytology 
of the dominant nodule revealed papillary thyroid cancer (Bethesda VI). After dis-
cussion, the patient elected a strategy of left thyroid lobectomy with intraoperative 
node assessment, including a planned intraoperative switch to total thyroidectomy 
and level 6 node dissection only if there were higher-risk features detected during 
the procedure, such as gross lymph node metastases. The operation was an uncom-
plicated left thyroid lobectomy under local anesthesia with sedation done as an 
ambulatory procedure. At 8-week follow-up, her TSH without exogenous thyroid 
hormone was 1.1 mU/L, and thyroglobulin was 1.8 ng/mL without antithyroglobu-
lin antibodies.
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 Assessment and Literature Review

Small papillary thyroid carcinomas are very common and rarely threaten long-term 
survival, especially in young people, unless associated with some poor prognostic 
features. The management strategy for this common tumor requires coordination of 
the plan prior to operation, in order to ensure that the procedure performed supports 
the intended adjuvant therapies and follow-up surveillance.

 Prognostic Features

The 2015 version of the ATA thyroid cancer guidelines includes a three-tiered recur-
rence risk stratification system that classified patients as low, intermediate, or high 
risk [1]. The pathological features that increase the risk of recurrence include vas-
cular invasion by the tumor, invasion of tumor into tissues outside of the thyroid 
capsule, clinically apparent lymph node metastases, or aggressive histologic fea-
tures. The presence of BRAF or TERT mutations, if known, increases the risk of 
recurrence [2, 3]. The findings during treatment that increase the patient’s risk of 
recurrence include the presence of local or distant metastases on postoperative 
radioiodine scan or other imaging modalities and a persistently elevated serum thy-
roglobulin. High-risk pathological features include gross extrathyroidal extension 
or incomplete tumor resection; distant metastases, thyroglobulin levels that suggest 
distant metastases, large node metastases (>3  cm), and extranodal extension are 
other high-risk findings. These features have been shown to predict recurrence risk 
and can therefore be used to inform patients and clinicians who are choosing treat-
ment and follow-up plans, rather than basing those plans solely on predictions of 
survival, which is typically unaffected in low-risk patients [4].
The ATA initial risk stratification also predicts the type of persistent or recurrent 
disease pattern observed; most persistent disease in low-risk patients is solely an 
abnormal serum thyroglobulin level without structurally identifiable disease which 
is unlikely to lead to disease-related morbidity. Greater proportions of intermediate- 
and high-risk patients who have persistent or recurrent disease have clinically or 
radiologically identifiable structural disease and have a greater likelihood of disease- 
related morbidity or mortality.

 Management Strategies

The operation for thyroid cancer is the initial step in the treatment strategy and fol-
low- up plan established by the managing team. In the past, total thyroidectomy has 
been promoted as the optimal option for papillary thyroid cancers greater than 1 cm. 
There are data showing that total thyroidectomy leads to decreased recurrence rates 
and improved survival [5], as well as optimally positioning the patient for 
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subsequent follow-up using serum thyroglobulin measurements. However, there are 
also data to support more limited thyroid resection as an equivalent strategy for 
patients with low-risk disease [6]. As a selective approach to RAI ablation has 
become more favored in low-risk patients, the utilization of total thyroidectomy 
specifically as preparation for the use of RAI in treatment or follow-up has become 
a less important rationale. If a patient population can be identified that has equiva-
lent long-term disease outcomes with thyroid lobectomy, without radioiodine ther-
apy or TSH suppression, then they would best be served by limiting the aggressiveness 
of treatment, minimizing adverse events, and maximizing quality of life. This is a 
very important clinical issue, since patients with very low-risk thyroid cancer com-
prise a very large proportion of the thyroid cancer population [7].
A bilateral thyroidectomy (total or near-total) is preferred if the treatment strategy 
is to include RAI scanning or therapy postoperatively. This is most clearly applica-
ble to the high-risk groups. For patients at intermediate risk, either a bilateral or 
unilateral thyroidectomy may serve as the surgical platform for an overall treatment 
plan. Features that place the patient at increased risk of recurrent disease or of con-
comitant contralateral disease, such as age >45 years, contralateral thyroid nodules, 
known multifocal cancer in the lobe to be operated upon, a personal history of radia-
tion therapy to the head and neck, or a family history of differentiated thyroid can-
cer, may inform the decision to employ a bilateral procedure to preserve the option 
of RAI scanning or therapy or to resolve questions of bilateral disease. It is clearly 
in the patient’s best interest to work with a treatment team that can discuss and 
coordinate this decision-making prior to the initial operation, to avoid awkward 
planning compromises at later points in the treatment course [8].

 Complications of Total Thyroidectomy

Though both are quite safe operations, total thyroidectomy carries a significantly 
greater risk of complications than thyroid lobectomy. A 2013 meta-analysis showed 
a relative risk (RR) that was greater for total thyroidectomy for all significant com-
plications [9]. These included permanent recurrent laryngeal nerve injury (RR = 1.9), 
permanent hypocalcemia (RR = 3.2), and hemorrhage/hematoma (RR = 2.6). Most 
importantly, thyroid lobectomy has a negligible risk of permanent hypoparathyroid-
ism because the parathyroid glands near the contralateral lobe are not dissected, 
making it impossible to cause permanent hypoparathyroidism. Thyroid lobectomy 
may also obviate the need for levothyroxine treatment in 50–80% of patients.

There is a relationship between surgeon volume and patient outcomes for thyroid 
surgery that may inform the choice of approach in some instances. Differences have 
been identified in studies evaluating data at the state and national levels in the USA 
and in other countries [10, 11]. These studies have consistently shown that patients 
operated on by low-volume surgeons (as variably defined) have more complications 
than those operated on by intermediate- or high-volume surgeons. Furthermore, the 
majority of thyroid surgery is performed by low-volume surgeons. These data sug-
gest that patients should ideally receive care from high-volume thyroid surgeons 
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where, overall, they are more likely to have good results. However, the distribution 
and limited number of high-volume surgeons make this impractical in the USA. The 
ATA guidelines do support a policy of sending patients with more extensive disease 
and concern for grossly invasive disease to high-volume centers that have experi-
ence in the management of advanced thyroid cancer.
For an individual patient, the decision regarding the extent of surgery should depend 
upon the clinical status, preoperative risk assessment, and treatment team plans for 
adjuvant therapy and follow-up. Since even high-volume surgeons have a higher 
risk of complications with bilateral procedures, the decision is more dependent 
upon the clinical scenario than upon the available surgeon.

 Indications for Adjuvant Radioiodine Therapy

The patient risk category as informed by the preoperative, intraoperative, and post-
operative findings can be used to determine the utility of thyroid remnant ablation 
or adjuvant radioiodine therapy for papillary thyroid cancer. The use of postopera-
tive administration of radioactive iodine after total thyroidectomy is to further some 
combination of these goals:

• Remnant ablation is intended to destroy the remaining normal thyroid tissue in 
order to enable detection of persistent and recurrent disease by RAI scan and 
thyroglobulin measurement.

• Adjuvant therapy is intended to affect disease-free survival by destroying micro-
scopic undetected metastatic disease in lymph nodes or distant sites.

• Radioiodine therapy is intended to improve disease-specific and disease-free sur-
vival by treating known persistent disease.

The use of radioiodine in any of these contexts (ablation, adjuvant therapy, or 
RAI therapy) can also be accompanied by scanning that can provide diagnostic 
information regarding the presence or absence of RAI-avid persistent disease.
For patients with low-risk papillary thyroid cancer, follow-up without RAI ablation, 
using neck ultrasound and thyroglobulin, is reasonable [1]. Because of the low risk 
of disease recurrence and the feasibility of follow-up without the use of radioiodine 
scans, radioiodine ablation or adjuvant therapy is not generally recommended for 
patients in the ATA low-risk category. However, practices vary widely, with great 
variation in the use of radioiodine for low-risk patients in the USA [12, 13], and 
there is still a significant overtreatment in many parts of the world [14, 15].

 Management of the Case

In this case, the patient’s clinical features are all low risk. She is <45 years of age, 
with papillary thyroid cancer confined to the thyroid. There are no features (contra-
lateral nodules, radiation exposure history, family history) to suggest a significant 
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current or future risk of contralateral disease. Her formal node survey done with 
ultrasound does not show evidence of clinically significant metastases in the central 
or lateral neck.

Her preoperative discussion focused on the likelihood that in her clinical scenario 
she would not benefit from adjuvant therapy with radioiodine. The main risk factor 
that could be discovered at operation without being evident preoperatively is small 
but grossly identifiable central neck (level 6) lymphadenopathy. With her preopera-
tive assent, the plan for intraoperative decision-making could have led to a bilateral 
thyroid procedure to facilitate postoperative radioiodine treatment and scanning if 
there were confirmed central neck metastases (clinical N1 disease). This would have 
placed her into the intermediate-risk group, where the benefit of this strategy is still 
somewhat uncertain, but was recommended and agreed upon by the patient and 
treatment team. Whether RAI therapy in this setting is done for remnant ablation to 
make follow-up easier or as adjuvant therapy is a matter of clinical viewpoint, but in 
any case was not indicated for her management. Finally, her postoperative TSH 
level without exogenous hormone therapy falls within the target range for low-risk 
thyroid cancer (0.5–2.0 mU/mL), and so no additional therapy is indicated [1].
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Clinical Pearls/Pitfalls
• The treatment should be based upon the defined risk category of the patient.
• The “doses” of therapy, including surgery, radioiodine administration, and 

TSH suppression, can each be altered in response to the risk of the disease 
and the therapy for that individual patient.

• The current trend in the management of low-risk differentiated thyroid 
cancer is toward more conservative therapy (lower doses of surgery and 
radioiodine in particular) based upon patient risk group.
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Chapter 4
A Patient with Papillary Microcarcinoma 
Undergoing Active Surveillance

Laura Boucai

 Case Presentation

A 63-year-old female was referred for recommendations on management of a 
biopsy-proven microcarcinoma of the thyroid. She initially consulted with her neu-
rologist for headaches and neck pain. A cervical magnetic resonance image inciden-
tally detected the presence of a 1.2 cm right thyroid nodule. A thyroid ultrasound 
with lymph node mapping was recommended for better characterization of this 
finding which revealed a solid, hypoechoic, hypovascular nodule, with well-defined 
margins, measuring 1.2 × 1.1 × 1.0 cm, located in the right thyroid lobe and extend-
ing into the isthmus (Fig. 4.1). There was normal thyroid tissue surrounding this 
nodule, no nodules in the left thyroid lobe, and no cervical lymphadenopathy. The 
patient denied masses in her neck, hoarseness, dysphagia, or dyspnea. Her TSH was 
normal at 1.8 mIU/L. She denied any history of head or neck irradiation or family 
history of thyroid carcinoma. The right thyroid nodule was classified as “intermedi-
ate suspicion” according to the 2015 American Thyroid Association (ATA) guide-
lines; a fine-needle aspiration (FNA) of it was positive for papillary thyroid 
carcinoma (Bethesda VI), and she sought endocrinologic consultation for discus-
sion of treatment options.
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 Literature Review

With the widespread use of screening and diagnostic imaging studies, there has 
been a logarithmic rise in the discovery of incidental papillary thyroid carcinomas 
(PTCs). This phenomenon is not unique to the United States [1, 2]. South Korea [3], 
France [4], and Canada [5], among others [6], have witnessed an epidemic of thy-
roid microcarcinoma, mainly due to the increased detection of asymptomatic, sub-
centimeter, low-risk PTCs [7, 8]. The traditional approach to thyroid carcinomas 
has been total thyroidectomy followed by radioactive iodine ablation and levothy-
roxine suppressive therapy [9, 10], even though the vast majority of these subclini-
cal tumors progress either slowly or not at all [11–13]. The favorable prognosis of 
papillary microcarcinomas (PMCs) detected incidentally on cross-sectional imag-
ing studies has been documented by Ito et al. in a 10-year cohort study of patients 
undergoing total thyroidectomy: the lymph node recurrence-free survival rate, dis-
tant recurrence-free survival rate, and cause-specific survival rate were 99%, 100%, 
and 100%, respectively [14]. Moreover, thyroid surgery can result in significant 
morbidity including hoarseness due to injury of the recurrent laryngeal nerve and 
pitch changes due to injury to the external branch of the superior laryngeal nerve, 
tracheostomy in the case of bilateral recurrent laryngeal nerve injury, hypoparathy-
roidism, formation of hematomas, and infections, particularly when the surgery is 
performed by low-volume surgeons [15]. Consequently, more conservative 
approaches to PMCs that include thyroid lobectomy or enrollment in an active sur-
veillance program have been proposed and are slowly being adopted [16]. Defined 
as a conservative observational management strategy, active surveillance for papil-
lary microcarcinomas was first conceived at Kuma Hospital in Japan, when patients 
with biopsy-proven PMC under observation demonstrated the same risk of locore-
gional spread, distant metastasis, and disease-specific mortality as patients undergo-
ing immediate surgery [11, 12]. Ito et al. followed 340 patients and found that only 

Fig. 4.1 Ultrasound 
transverse view of right 
mid thyroid lobe. 
Hypoechoic, hypovascular 
nodule measuring 
1.2 × 1.1 × 1.0 cm located 
in the right thyroid lobe 
and extending into 
the isthmus
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15.9% of them had tumor enlargement of 3 mm or more and only 3.45% of the 
cohort developed cervical metastases after 10 years of follow-up [11]. Sugitani et al. 
followed 230 patients and similarly found that 7% of tumors enlarged and only 1% 
metastasized to cervical lymph nodes after 11 years of follow-up [12]. In the United 
States, Tuttle et al. followed 291 patients with biopsy-proven PMC of the thyroid for 
a median of 2 years and found that 3.8% of these grew by 3 mm or more in 2 years 
with a cumulative incidence of 12.1% in 5 years [13]. Factors associated with dis-
ease progression were age at the time of diagnosis and pregnancy during surveil-
lance. Young patients (<40 years) were more likely to experience tumor enlargement 
and spread to cervical lymph nodes compared to older patients (>60 years) [17]. 
Also, 44% of pregnant patients showed enlargement of PMCs compared to 11% of 
age-matched non-pregnant controls, possibly due to the thyroid- stimulating activity 
of human chorionic gonadotropin [18]. Importantly, even patients who demon-
strated disease progression while under active surveillance were effectively treated 
with thyroid surgery, indicating that a delayed surgical management approach in 
properly selected patients had no impact on disease-specific survival [11, 12]. In a 
recent study by Oda et  al. [19] comparing unfavorable outcomes of surgery for 
microcarcinomas of the thyroid, the incidence of transient vocal cord paralysis, 
transient hypoparathyroidism, and permanent hypoparathyroidism was higher in the 
immediate-surgery group compared to the active- surveillance group (4.1% vs 0.6%, 
p < 0.001; 16.7% vs 2.8%, p < 0.001; 1.6% vs 0.08%, p < 0.001, respectively).

Therefore, in light of the very low disease-specific mortality, low rates of recur-
rence, and the potential for complications from surgery, the traditional management 
approach of immediate thyroid surgery for PMC is being reconsidered. The 2015 
ATA thyroid cancer management guidelines state that while surgery is generally 
recommended for biopsy-proven thyroid cancer, an active surveillance management 
approach “can be considered” as an alternative to immediate surgery in patients 
with very low-risk tumors (e.g., PMCs without clinically evident metastases or local 
invasion and no convincing cytology or molecular evidence of aggressive disease) 
[16]. Furthermore, the guidelines strongly discourage biopsy of asymptomatic sub-
centimeter nodules, even if sonographically highly suspicious. On the whole, they 
advocate for a reduction of the diagnostic and therapeutic burden of low-risk thyroid 
cancer patients.

 Tailoring the Management Approach

While this conservative management approach is endorsed, the guidelines do not 
specifically discuss the factors that may make tumors and patients ideal candidates 
for an observational approach. Brito et al. [20] published a clinical framework to 
facilitate risk stratification when considering an active surveillance alternative to 
immediate surgery for papillary microcarcinomas. The authors describe tumor 
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characteristics, patient characteristics, and medical team characteristics that make 
PMCs ideal, appropriate, and inappropriate for active surveillance. Ideal tumors 
would be solitary thyroid nodules, with well-defined margins, surrounded by 
≥2 mm normal thyroid parenchyma, without evidence of extrathyroidal extension, 
without clinical cervical or distant metastases, and with a previous ultrasound docu-
menting stability. Inappropriate tumors to observe or, conversely, appropriate 
tumors to excise would be those with aggressive cytology on FNA (e.g., tall-cell, 
columnar, and hobnail variants and poorly differentiated features), those with sub-
capsular locations adjacent to the recurrent laryngeal nerve (RLN) (Fig. 4.2), evi-
dence of extrathyroidal extension, clinical symptoms/signs suspicious for invasion 
into the RLN or trachea (such as vocal cord paralysis, hemoptysis), proof of cervical 
or distant metastases on initial evaluation or during follow-up, or a documented 
increase in size ≥3 mm during surveillance. Also, isthmic tumors are generally con-
sidered appropriate for surgery because of their proximity to the trachea and strap 
muscles.

Fig. 4.2 Anatomical pathway of the recurrent laryngeal nerve (green). The top panel shows a 
thyroid nodule in the right lobe with a closer proximity to the recurrent laryngeal nerve than the 
nodule in the left thyroid lobe (bottom panel)
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Evaluation of the patient and the medical team characteristics are as important 
when weighing the decision to proceed with active surveillance. An older patient 
expected to comply with follow-ups, with life-threatening comorbidities, with a 
supportive social environment, and followed by an experienced multidisciplinary 
management team constitutes an ideal candidate for surveillance. On the contrary, 
young patients (<18 years), unlikely to be compliant with follow-up plans, not will-
ing to accept an observational approach for the fear of living with cancer or for other 
reasons, followed by teams with little experience in thyroid cancer management and 
without reliable neck ultrasonography are examples of inappropriate candidates for 
surveillance that should be referred for immediate surgery. Modalities of follow-up 
include clinical exam, ultrasound, and occasionally CT with contrast for better defi-
nition of tumors located posteriorly or near the trachea. The time interval between 
examinations is still unclear, but it is prudent to envision biannual follow-ups ini-
tially to establish stability or progression of disease and yearly examinations there-
after if disease is stable, also based on location and patient choice.

 Molecular Markers

The role of molecular markers as predictors of PMC progression has received con-
siderable attention in an attempt to refine the methodology through which patients 
are selected for an active surveillance approach. Identifying a gene or group of 
genes that confer an aggressive potential to PMC would be the ideal way of distin-
guishing patients likely to benefit from immediate surgery as opposed to an obser-
vational approach. The BRAFV600E mutation, which constitutes ~60% of all driver 
mutations found in papillary thyroid cancer, has received particular attention since 
it has been associated with the presence of distant metastases, more advanced clini-
cal stage, and higher mortality [21, 22], but much uncertainty exists around the 
prognostic and predictive power of BRAF alone since, by itself, it has not proven to 
be independently associated with worse outcomes [22–25]. Other clinicopathologi-
cal unfavorable characteristics in combination with BRAF confer the worse progno-
sis [26, 27]. Telomerase reverse transcriptase (TERT) promoter mutations in thyroid 
cancer were first reported in 2013 [28, 29], and their coexistence with BRAF has 
been shown to be associated with particularly aggressive thyroid cancer behavior 
and poor clinical outcomes, including tumor recurrence and cancer-specific mortal-
ity [30, 31]. More recently, Tuttle et al. compared the genomic landscape of 40 PMC 
patients with N1b disease to that of 71 PMC patients with N0 disease and found that 
TERT promoter mutations (3%) and TP53 mutations (1%) were exclusively present 
in patients with N1b disease and that there was a differential expression of 43 
selected genes between PMC patients with N1b and N0 disease [32]. The latter 
study provides the basis for a molecular classifier that may offer risk stratification 
in PMCs.
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 Long-Term Planning and Communication with the Patients

Once the patient has elected to pursue active surveillance, the parameters for the 
decision to exit an active surveillance program and proceed to surgery must be 
clearly defined. Sugitani et al. provided the option of conventional surgical therapy 
to all asymptomatic patients with PMC [12]. In both Japanese active surveillance 
studies [11, 12], the patients were advised to undergo surgery if they met the fol-
lowing criteria during active surveillance: (1) a change in the patient’s desire to 
remain under active surveillance; (2) tumor enlargement (of 3 mm or more); (3) the 
appearance of clinically evident lymph node metastases; and (4) tumor growth 
towards the dorsal surface of the thyroid gland or adjacent structures. The Ito and 
Sugitani trials differed slightly in that Ito et al. [11] also recommended surgery for 
patients who were diagnosed as having familial carcinoma, young age, suspicion of 
multicentricity, or the coexistence of other thyroid diseases (e.g., enlargement of 
associated benign nodules). Additional criteria may be considered: (1) suspicion of 
invasion of the recurrent laryngeal nerve (RLN) (such as the development of 
hoarseness or dysphagia); (2) the development of any other cancer-related symp-
toms; and (3) a new biopsy diagnosis that indicates higher-grade malignancy. In 
future studies these criteria may change or be refined, particularly with ongoing 
research on molecular markers, which may help identify tumors that are likely to 
grow or spread.

 Back to the Patient

A detailed discussion with the endocrinologist informed the patient of the minimal 
risks of growth and spread of her papillary microcarcinoma. Among the treatment 
options, total thyroidectomy, right thyroid lobectomy, and active surveillance were 
discussed. The patient was living in a rural area 2 hours away from a tertiary center 
that would be optimal to follow her microcarcinoma with updated sonographic 
equipment and radiologic and medical expertise. After careful consideration of mul-
tiple strategies, she decided she would travel twice a year to follow her nodule to 
avoid removing her thyroid. Her initial sonogram at 6  months demonstrated no 
growth of her PTC and no cervical lymphadenopathy. Eighteen months after her 
initial visit, her tumor had enlarged by 2 mm. At this point she was advised that this 
increase falls within the measurement error of different studies, but she was offered 
to rebiopsy her PMC to measure key genetic markers. She declined given the lack 
of insurance coverage of this test. The patient is currently 69 years of age, and she 
has completed 6 years of active surveillance every 6–12 months, without evidence 
of growth or spread of her biopsy-proven microcarcinoma of the thyroid and with-
out need for levothyroxine replacement therapy.
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Chapter 5
Completion Thyroidectomy in a Patient 
with Low-Risk Papillary Cancer

David S. Cooper

 The Case

The patient is a 25-year-old woman who was found to have a 2 cm right thyroid 
nodule on routine physical examination by her gynecologist. Thyroid function was 
normal, with serum TSH 2.6 mU/L. Thyroid ultrasound revealed a 2 cm nodule that 
was mildly hypoechoic with a sonolucent rim and internal vascularity (an “interme-
diate suspicion” nodule according to the American Thyroid Association [ATA] 
guidelines, thus a candidate for fine-needle aspiration biopsy). The contralateral 
lobe looked normal sonographically. FNA showed a “follicular lesion of undeter-
mined significance” (Bethesda class III). Molecular testing using a gene expression 
classifier was “suspicious.” After discussing the pros and cons of lobectomy versus 
total thyroidectomy, she underwent a right hemithyroidectomy. The final pathology 
revealed a 1.5 cm unifocal follicular variant papillary cancer with no extrathyroidal 
extension, negative margins, and no evidence of venous or lymphatic invasion. 
Lymphocytic thyroiditis was noted in the specimen. No lymph nodes were removed 
at the time of surgery. Her surgeon recommended a completion thyroidectomy in 
the near future, and she comes to discuss whether this is really necessary.

 Assessment and Literature Review

Many patients undergo thyroid lobectomy because of indeterminate thyroid nod-
ules. Even with molecular testing, only about 50% of these patients prove to have 
thyroid cancer [1–3], and the question of completion thyroidectomy is often raised. 
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But, it remains unsettled whether completion thyroidectomy is necessary in patients 
who are found to have low-risk papillary cancer in the operated lobe. Theoretically, 
there are two reasons to consider completion thyroidectomy: the contralateral lobe 
may harbor occult disease which could be the source of recurrence in the future, 
and, in order to enable the patient to receive radioiodine ablative therapy, a total 
thyroidectomy is generally required. A third, less compelling reason may be that 
follow-up with thyroglobulin measurements may be less ambiguous in patients who 
have been thyroidectomized. After lobectomy, serum thyroglobulin monitoring is 
probably not useful [4].

With regard to the first potential indication, numerous studies have shown that 
there is 30–80% prevalence of contralateral thyroid cancer [5]. This is typically 
micropapillary thyroid cancer (foci <10 mm), with a higher frequency in patients 
who have multifocal disease in the removed lobe and possibly also in patients who 
are older or who have larger primary tumors (e.g., [5]). However, despite this high 
frequency of residual malignant foci, the clinical recurrence rates in the contralat-
eral lobe are very low, in the 1–4% range, consistent with the concept that these 
small thyroid cancer foci are relatively innocuous [6]. This observation is similar to 
what is known about small subclinical central lymph node metastases that are found 
after a prophylactic central neck dissection, which have a similar prevalence 
(30–80%), but which also have a very low rate of clinical recurrence, in the 1–2% 
range [7].

In the 2009 American Thyroid Association guidelines for the management of 
thyroid cancer, completion thyroidectomy was recommended for patients with pri-
mary tumors ≥1 cm in diameter [8]. This recommendation was based on two stud-
ies. The first was an older study by Hay et  al. showing that while completion 
thyroidectomy did not improve cause-specific mortality, it did decrease the risk of 
locoregional recurrence [19% nodal metastasis rate at 20 years for lobectomy versus 
6% recurrence rate for “bilateral lobar resection” (P = 0.0001)] [9]. However, it was 
the large study by Bilimoria et al. [10] which used data from the National Cancer 
Data Base that included over 52,000 patients that was the main driver of the 2009 
ATA recommendation. These authors found that recurrence rates were higher [haz-
ard ratio 1.24 (95% confidence interval 1.01–1.54, P = 0.04)] and overall survival 
was lower [hazard ratio 1.49 (95% CI 1.02–2.17, P = 0.04)] when patients under-
went less than a total thyroidectomy for tumors 1–2 cm in diameter, compared to no 
difference in outcomes in patients with tumors <1 cm in diameter. However, this 
study has been faulted because only “overall survival” and not “disease-specific 
survival” was reported [11]. Since the mortality rates for differential thyroid cancer 
are extremely low, disease-specific survival is a much more important indicator of 
treatment efficacy. Also, information on extrathyroidal extension and completeness 
of tumor removal was not available, and if lobectomy was performed in some 
patients because of other comorbid conditions, or because of a compromised con-
tralateral recurrent nerve, then these factors may have biased the results. Furthermore, 
the paper reported that 18% of patients who underwent lobectomy received radioio-
dine therapy postoperatively, suggesting the possibility that some of the patients 
were misclassified and actually had undergone completion thyroidectomy.
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In addition to the study cited above [6], there have now been other studies also 
showing no advantage of total thyroidectomy over lobectomy. For example, in a 
paper using data extracted from the Surveillance, Epidemiology, and End Results 
(SEER) database involving almost 23,000 patients, of whom almost 6000 patients 
underwent lobectomy, there were no differences in disease-specific survival between 
patients who underwent total thyroidectomy versus lobectomy in multivariate anal-
yses, and this was true for all tumor sizes up to 4 cm [12]. Similarly, in another study 
from Memorial Sloan Kettering Cancer Center involving a retrospective analysis of 
almost 900 patients with low-risk papillary thyroid cancer followed for an average 
of 10 years, there were no differences in disease-specific survival and in recurrence- 
free survival between patients who received a total thyroidectomy versus lobectomy 
(10-year disease-specific survival was 100% for the lobectomy group versus 98.5% 
for the total thyroidectomy group) [13]. Similarly, local recurrence rates were 0% 
for both groups, and regional recurrence rates were 0% versus 0.8% in the lobec-
tomy versus total thyroidectomy groups, respectively. In multivariate analyses, only 
age >45 years and male gender were predictors of worse outcome, whereas the T 
stage and type of surgery were not predictive [13]. Finally, a study of over 61,000 
patients from the National Cancer Database [14] found no survival advantage of 
total thyroidectomy versus lobectomy for thyroid cancers up to 4 cm in size. Thus, 
data showing better outcomes after total thyroidectomy (or completion thyroidec-
tomy) has been questioned in more recent studies and is the basis of the 2015 
American Thyroid Association guideline stating: “For patients with thyroid cancer 
>1 cm and <4 cm without extrathyroidal extension and without clinical evidence of 
any lymph node metastases (cN0) the initial surgical procedure can be either a bilat-
eral procedure (near-total or total thyroidectomy) or a unilateral procedure (lobec-
tomy)” [15]. And while completion thyroidectomy does not have greater morbidity 
than an initial total thyroidectomy, the morbidity of a total thyroidectomy is higher 
than that of a lobectomy even in the hands of high-volume surgeons [16].

The need for radioiodine remnant ablation is the second major reason to recom-
mend completion thyroidectomy in some patients in whom the diagnosis of thyroid 
cancer is not known preoperatively. In this scenario, the decision to recommend 
completion thyroidectomy would depend on whether postoperative radioiodine 
therapy was deemed to be appropriate for the patient’s risk of recurrence and death. 
Since the indications for remnant ablation have been made more stringent [15], and 
are now typically reserved for patients considered to be at intermediate risk rather 
than at low risk for recurrence, many patients would not be considered for postop-
erative radioactive iodine therapy, even if they had undergone a total thyroidectomy 
at the first surgery.

Based on these newer data, the 2015 American Thyroid Association guidelines 
state that “Completion thyroidectomy should be offered to those patients for whom 
a bilateral thyroidectomy would have been recommended had the diagnosis been 
available before the initial surgery” [15]. This decision would be based on the size 
of the tumor, the presence of clinical nodal metastases, or other high-risk histologic 
features that may have been known about preoperatively. Indeed, in a recent report, 
completion thyroidectomy was performed more frequently in patients with 
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higher-risk tumors (T3) or other higher-risk features [17]. In the future, the presence 
of certain high-risk mutations, e.g., BRAF and TERT mutations, may also dictate a 
more aggressive approach [18]. These clinical, radiologic, and pathologic features 
would also likely inform the decision to administer radioiodine postoperatively. 
Thus, in those patients who are not known to have thyroid cancer preoperatively, it 
makes sense to do a lobectomy in those patients in whom a total thyroidectomy 
would not have been done, even if the diagnosis of thyroid cancer had been known 
preoperatively [15]. One might anticipate that the question of completion thyroidec-
tomy will continue to be raised if lobectomy becomes a more common primary 
surgical treatment in the future, given the new ATA guideline recommendations. 
Patient preference is another factor which will always need to be considered.

 Back to the Patient

It was explained to the patient that her cancer was very low risk and that, as a stage 
1 patient, her risk of cancer-related mortality was 0%. Furthermore, the rate of recur-
rence was also extremely low, even without additional surgery or radioiodine ther-
apy. Since serum thyroglobulin measurement is less helpful after lobectomy [4], we 
recommended annual neck ultrasound for the next 3–5 years with maintenance of 
serum TSH in the low normal range. Following surgery, her serum TSH was in the 
3–4 mU/L range, so she was started on 50 μg of levothyroxine per day. The presence 
of positive TPO antibodies and/or preoperative serum TSH > ~2.5 mU/L has been 
shown to be predictors of the need for levothyroxine therapy after a lobectomy [19, 
20]. She has now been followed for 5 years without any evidence of recurrent disease.

Clinical Pearls
 1. In patients with indeterminate thyroid nodules, lobectomy is reasonable 

since the risk of cancer is only ~50% even with molecular testing. 
Lobectomy should be offered to those patients in whom lobectomy would 
have been reasonable even if the diagnosis of thyroid cancer had been 
known preoperatively.

 2. Recent studies suggest that patients with low-risk thyroid cancer do not 
benefit from completion thyroidectomy.

 3. Similarly, since total thyroidectomy is often recommended for patients 
with more advanced disease, with postoperative radioiodine remnant abla-
tion in mind, the typical patient for whom lobectomy would be recom-
mended would not be a candidate for radioiodine, even if thyroid cancer 
was discovered on final pathology.

 4. Patients with low-risk thyroid cancer who have undergone thyroid lobec-
tomy can be followed with neck ultrasound, since serum thyroglobulin 
monitoring is not useful.
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Chapter 6
Papillary Thyroid Cancer 
with Microscopic Extra-thyroidal 
Extension

Donald S. A. McLeod

 Case Presentation

A 33-year-old woman with no past medical history presented with a right thyroid 
nodule. Fine needle aspiration was nondiagnostic (Bethesda system I), but on the 
basis of suspicious ultrasound features, diagnostic right lobectomy was performed. 
Histopathology revealed a classical 1.9 cm papillary thyroid carcinoma with ante-
rior microscopic extra-thyroidal extension into peri-thyroidal skeletal muscle. 
Surgical margins were clear of tumor and there was no lymphovascular invasion. 
The completion thyroidectomy was free of malignancy. She presents for discussion 
of further treatment options. Prior to the diagnosis of thyroid cancer, the patient and 
her husband were attempting pregnancy and wish to conceive as soon as possible.

 Assessment and Literature Review

There are clear prognostic differences between microscopic extra-thyroidal exten-
sion, macroscopic invasion of strap muscles, and major extra-thyroidal extension. In 
the absence of prospective and experimental evidence, observational, mostly retro-
spective, studies help to clarify potential risks of microscopic extra-thyroidal exten-
sion and the possible utility of treatment approaches.
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 Definition and Prevalence

Microscopic extra-thyroidal extension occurs when thyroid cancer advances beyond 
the thyroid capsule into surrounding peri-thyroidal soft tissues of fat and/or skeletal 
muscle (sternothyroid), but without macroscopic skeletal muscle invasion. Until 
recently, a commonly synonymous term was minimal extra-thyroidal extension [1]; 
however, because risk stratification systems distinguish macroscopic from micro-
scopic extension, continued use of minimal extra-thyroidal extension could be mis-
leading. Microscopic extra-thyroidal extension should also be distinguished from 
major (or extensive) extra-thyroidal extension. Here, the tumor directly invades one 
or more of the surrounding organs, including the subcutaneous soft tissues, larynx, 
trachea, esophagus, recurrent laryngeal nerve, prevertebral fascia, and vascular 
structures including the mediastinal vessels or carotid arteries [1]. While there 
remains inadequate data to determine the exact level of risk for patients with mac-
roscopic extension to skeletal muscle, a reasonable response to the uncertainty is to 
treat this small subgroup similarly to patients with tumors demonstrating major 
extra-thyroidal extension when considering postoperative treatment options.

These distinctions are codified in TNM staging systems. Before the sixth edition 
of the American Joint Committee on Cancer staging manual, any extra-thyroidal 
extension was classified as T4 [2], but for the sixth and seventh editions, minimal 
extra-thyroidal extension was T3, while major extra-thyroidal extension remained 
T4 (either T4a or T4b) [3, 4]. In the current eighth edition, microscopic extra- 
thyroidal extension does not impact on T stage; macroscopic extension to surround-
ing strap skeletal muscles remains T3; and major extra-thyroidal extension remains 
T4 (either T4a or T5b) [5].

Microscopic extra-thyroidal extension is common. Estimates vary in the order of 
11–44% (Table 6.1) [6–12]. It is therefore important to have a clear concept of risks 
related to this pathologic feature, to ensure adequate but not overtreatment of 
patients.

Table 6.1 Ranges of microscopic extra-thyroidal extension prevalence

Institution (country) year [ref]
% with microscopic extra-thyroidal 
extension

Memorial Sloan-Kettering Cancer Center (USA) 2011 [6] 11.6
Walter Reed National Military Medical Center (USA) 2014 
[7]

14.1

New York Presbyterian Hospital-Weill Cornell Medical 
College (USA) 2008 [8]

22.6

Cancer Institute Hospital (Japan) 2012 [9] 29.6
Kuma Hospital (Japan) 2006 [10] 30.5
Busan Paik Hospital (Korea) 2013 [11] 31.0
Samsung Medical Center (Korea) 2013 [12] 44.0
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 Comparison of Microscopic with Major 
Extra-thyroidal Extension

Older studies rarely distinguished microscopic and major extra-thyroidal extension 
and concluded that extra-thyroidal extension was associated with poor prognosis 
[13–17]. However, other large series gave clues that the most critical factor was 
major extra-thyroidal extension. The Mayo Clinic and Memorial Sloan-Kettering 
Cancer Center did this by defining extra-thyroidal extension based on visual opera-
tive findings (hence classifying patients with microscopic extension as having intra-
thyroidal tumors) and showed that macroscopic extra-thyroidal extension had 
markedly impaired prognosis while patients with only microscopic extra-thyroidal 
extension had overall very good prognosis [18, 19].

More recent analyses have confirmed large differences in outcome between 
microscopic and major extra-thyroidal extension. Arora and colleagues assessed 
212 patients with papillary thyroid cancer for disease-free survival, finding a 6.4 
(95% confidence interval = 1.6–25.9) times increased recurrence risk for patients 
with major extra-thyroidal extension compared with those who had microscopic 
extension on multivariate analysis [8]. The European Multicentre Study of 
Differentiated Thyroid Cancer prospectively recruited 351 patients with either 
microscopic or major extra-thyroidal extension [20]. Major extra-thyroidal exten-
sion was independently associated with a 3.23 (1.10–9.51)-fold higher risk of pro-
gression. In 930 patients, Hotomi and colleagues from Japan found that recurrence 
was 6.76 (4.25–10.76) times more likely and death was 7.97 (4.20–15.14) times 
more likely, for patients with major extra-thyroidal extension than for patients with 
microscopic or no extra-thyroidal extension [9]. Consistent with the clinical out-
come data, tumors with more extensive extra-thyroidal extension have been found 
to harbor higher rates of angioinvasion and are of higher proliferative grade [21].

Given that major extra-thyroidal extension appears to denote more aggressive 
disease and a significantly poorer prognosis than microscopic extra-thyroidal exten-
sion, it is therefore important to consider whether microscopic extra-thyroidal 
extension holds any prognostic influence for both survival and risk of recurrent 
disease.

 Survival with Microscopic Extra-thyroidal Extension

In the absence of other negative prognostic factors, survival of patients with micro-
scopic extra-thyroidal extension is excellent. The National Thyroid Cancer 
Treatment Cooperative Study is a large multicenter registry of thyroid cancer 
patients from 11 hospitals in North America. For papillary cancer patients with 
microscopic extra-thyroidal extension but no additional risk features (i.e., tumor 
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size >4  cm, positive cervical lymph nodes, or distant metastases), the disease- 
specific survival approaches 100% [22–24], with the most recent published analysis 
assessing long-term disease-specific survival including 3572 patients totaling 
16,683 person years (2728 patients stage low-risk patients including those with 
microscopic extra-thyroidal extension) [24]. Disease-specific survival of 100% has 
also been reported in 115 otherwise low-risk patients with microscopic extra- 
thyroidal extension treated at Memorial Sloan-Kettering Cancer Center (at 10 years) 
[6] and 127 patients with microscopic extra-thyroidal extension and no distant 
metastases treated at the Mayo Clinic (at 20 years) [25]. Hotomi and colleagues 
reported a 97.3% 10-year disease-specific survival in 275 patients prospectively fol-
lowed with “minimal” extra-thyroidal extension (a group which also included large 
proportions of patients with major extra-thyroidal extension based on standard defi-
nitions) [9]. Because of this excellent survival, microscopic extra-thyroidal exten-
sion has been removed from the eighth edition of TNM staging [5].

Only one study has reported an impaired prognosis in patients with microscopic 
extra-thyroidal extension. This analysis included 21,907 patients with “minimal” 
extra-thyroidal extension (including both microscopic extra-thyroidal extension and 
macroscopic extension to skeletal muscle) from differentiated thyroid cancer 
recorded in the US National Cancer Database, finding a 13% (5–22%) lower overall 
survival compared with patients without extra-thyroidal extension [26]. Interpreting 
the significance of these data for tumors with isolated microscopic extra-thyroidal 
extension is difficult. Firstly, because the disease-specific survival of these patients 
is likely to be very high, a 13% higher disease-specific mortality rate would be neg-
ligible in absolute risk difference. Secondly, it was not possible to separate patients 
with microscopic extra-thyroidal extension from macroscopic extra-thyroidal exten-
sion to skeletal muscle, which may be important. Thirdly, while the analysis was 
carefully performed and adjustments made for available confounders, there is great 
potential for unmeasured confounding due to associated higher-risk features not 
being captured in the database.

 Recurrence Risk with Microscopic Extra-thyroidal Extension

Table 6.2 describes studies assessing the risk of recurrence for papillary thyroid 
cancers with microscopic extra-thyroidal extension, compared to those with intra-
thyroidal primary tumors [6–12, 27–31]. What could account for this variability in 
results? The most likely explanation is that microscopic extra-thyroidal extension is 
a marker of slightly more aggressive tumor biology, although, in the presence of 
careful (pre-)operative evaluation and adequate surgical clearance, it loses impor-
tance as an independent prognostic factor. Several lines of evidence support this 
hypothesis. Firstly, tumors with microscopic extra-thyroidal extension are more 
likely to have other high-risk features (Table 6.3) [6–9, 11, 12, 27, 29–33]. The one 
study to report significantly higher recurrence risk with microscopic extra-thyroidal 
extension did not perform a multivariate analysis to determine if it independently 
predicted recurrence [12]. Likewise, the apparent trend in other studies could well 
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Table 6.2 Studies assessing the risk of recurrence of papillary cancers with microscopic 
extrathyroidal extension, compared to tumors without microscopic extra-thyroidal extension

Institution/cohort 
(country) year 
[ref] Study population/groups examined Evidence

No increased risk

Kuma Hospital 
(Japan) 2006 [10, 
27]

1167 patients undergoing curative 
intent surgery followed for a 
minimum of 5 years, including 356 
with microscopic extra-thyroidal 
extension

No difference in recurrence in 
patients with microscopic extra- 
thyroidal extension compared to 
those without; the recurrence-free 
survival at 15 years was >90%. In 
the 215 patients with microscopic 
extra-thyroidal extension aged 
>45 years, the results were the same

Memorial 
Sloan-Kettering 
Cancer Center 
(USA) 2011 [6]

984 patients with clinical T1/T2 N0 
disease, including 115 with 
microscopic extra-thyroidal 
extension

Recurrence at 10 years was no 
different in those with or without 
extra-thyroidal extension (95% vs. 
98%; P = 0.188)

Yonsei University 
College of 
Medicine (Korea) 
2011 [29]

288 patients with papillary 
microcarcinoma, including 89 
patients with microscopic extra- 
thyroidal extension

During mean follow-up of 6 years, 
3.4% of patients with microscopic 
extra-extrathyroidal extension had 
recurrence, vs. 4.5% of patients 
without (P = 0.67)

Asan Medical 
Center (Korea) 
ePub 2019 [28]

571 patients treated with lobectomy, 
including 182 patients with 
microscopic extra-thyroidal 
extension but no other higher-risk 
clinical or histologic features

During median follow-up of 
8.4 years, 2.7% of patients with 
microscopic extra-thyroidal extension 
had recurrence, vs. 5% of patients 
with low-risk intrathyroidal tumors

Numerically higher but not statistically significant increased risk

New York 
Presbyterian 
Hospital-Weill 
Cornell Medical 
College (USA) 
2008 [8]

48 patients with microscopic 
extra-thyroidal extension. A 
comparison group was 141 patients 
with no extra-thyroidal extension

On univariate analysis, 21% of 
patients with microscopic extra- 
thyroidal extension had recurrence, 
compared to 13% of the patients 
without (P = 0.2)

Cancer Institute 
Hospital (Japan) 
2012 [9]

265 patients with >1 cm cancers and 
“minimal” extra-thyroidal extension. 
A comparison group was 412 
patients without extra-thyroidal 
extension

10-year recurrence-free survival of 
patients with “minimal” extra- 
thyroidal extension was 91.5%, 
compared to 96% for those without 
(univariate analysis)

Busan Paik 
Hospital (Korea) 
2013 [11]

332 patients without macroscopic 
extra-thyroidal extension, including 
103 with microscopic extra-thyroidal 
extension

Recurrence at 5 years was 13.6% of 
patients with microscopic extra- 
thyroidal extension, vs. 7.9% of 229 
patients without (P = 0.153; 
univariate analysis)

Walter Reed 
National Military 
Medical Center 
(USA) 2014 [7]

Various, but the groups of interest 
were 33 patients followed with 
microscopic extra-thyroidal 
extension vs. 164 patients with 
intrathyroidal tumors

9% of patients with microscopic 
extra-thyroidal extension had 
recurrent disease (median follow-up 
4.5 years, compared to 4% of those 
without (median follow-up 6.8 years; 
not statistically compared)

(continued)
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be explained by these other prognostic factors. Secondly, the studies showing very 
low recurrence rates and no increased recurrence risk from microscopic extra- 
thyroidal extension apparently had careful pre- and intraoperative assessment, in 
addition to surgical clearance of all identified tumor (± radioiodine).

 Management of the Case

The above literature review highlights that while major extra-thyroidal extension is 
an important risk factor for poor outcome, microscopic extra-thyroidal extension 
can have an excellent prognosis in the absence of other high-risk features.

Table 6.2 (continued)

Institution/cohort 
(country) year 
[ref] Study population/groups examined Evidence

Pitié-Salpêtrière 
Hospital (France) 
2014 [30]

124 patients with papillary 
microcarcinoma plus microscopic 
extra-thyroidal extension and no 
nodal metastases. Various other 
groups but most comparable 1220 
patients with intrathyroidal papillary 
microcarcinoma

During median follow-up of 
6.7 years, 4.8% of patients with 
microscopic extra-extrathyroidal 
extension had recurrent disease, vs. 
1.3% of patients without (not 
statistically compared)

Asan Medical 
Center (Korea) 
2015 [31]

546 patients with solitary primary 
tumors and no major extra-thyroidal 
extension, including 259 patients 
with extension to peri-thyroidal soft 
tissues and 91 to sternothyroid (it is 
unclear how many of these were 
macroscopic extension)

On a limited multivariate analysis, 
risk of recurrence in those with 
“minimal” extra-thyroidal extension 
(compared with no extension) was 
1.88 (0.99–3.56). Some overlap in 
cohort with ref [28] above

Statistically significant increased risk

Samsung Medical 
Center (Korea) 
2013 [12]

Various papillary thyroid cancer 
patients, but the compared groups 
were 378 patients with microscopic 
extra-thyroidal extension vs. 445 
patients without

378 patients with microscopic 
extra-thyroidal extension had 
recurrence at median follow-up of 
4.5 years, compared with 1.2% of 
445 patients without (P = 0.012; 
univariate analysis)

Table 6.3 Tumor features 
more commonly present in 
patients with microscopic 
extra-thyroidal extension

Older age [6, 9, 31]
Tumor size >1 cm [6, 12, 27, 31]
Angioinvasion [8]
Higher-risk histologic subtypes [32]
Lymph node metastasis [7–9, 11, 29–31]
Extra-nodal extension [33]
Positive surgical margins [8, 12]
BRAFV600E mutation [32]
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Returning to our case, we should therefore ask the following questions:

• Was completion thyroidectomy required?
• Is a postoperative thyroglobulin useful in determining further treatment?
• Will radioiodine ablation be helpful?
• What should the thyrotropin (TSH) target be?
• Would molecular testing of our patient’s thyroid cancer assist in 

decision-making?

 Was Completion Thyroidectomy Required?

Until recently, most authorities recommended total thyroidectomy when micro-
scopic extra-thyroidal extension was present [34–36]. However, excellent results 
have been reported with lobectomy where careful patient selection was performed 
[37–39]. Nixon and colleagues reported a 100% 10-year recurrence-free survival 
in 26 patients treated with lobectomy (who also had tumors <4  cm diameter, 
without evidence of lymph node metastases) [6], and Song and colleagues 
reported a 2.7% risk of recurrence over median follow-up of 8.4 years in 182 
Korean patients with microscopic extra-thyroidal but no other higher-risk 
features.

So, while the most recent American Thyroid Association [40], British Thyroid 
Association [41], and Italian [42] guidelines continue to recommend completion 
thyroidectomy when extra-thyroidal extension is identified, others suggest that 
lobectomy may be appropriate for many patients with microscopic extra-thyroidal 
extension. Japanese guidelines recommend lobectomy where nodal disease is absent 
and primary tumor size is <2 cm and an individualized approach for others without 
defined high-risk features [43]. The National Comprehensive Cancer Network 
(United States) guidelines also do not recommend completion thyroidectomy in the 
absence of high-risk features [44].

 Is a Postoperative Thyroglobulin Useful in Determining 
Further Treatment?

Dynamic risk stratification, a biochemical (serum thyroglobulin) and structural 
(imaging) assessment of response-to-therapy [45], was first described for monitor-
ing patients following total thyroidectomy and radioiodine ablation, but multiple 
studies have validated the approach for patients following total thyroidectomy 
alone. An undetectable or very low serum thyroglobulin postsurgery (i.e., 6–8 weeks 
after) is associated with extremely low recurrence risk of recurrence [46–49], as is 
a decreasing or stable postoperative serum thyroglobulin when thyroglobulin is ini-
tially detectable [46]. For our patient, the postoperative serum thyroglobulin could 
be especially helpful. An undetectable serum thyroglobulin on levothyroxine 
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therapy would suggest significant volume disease has not been left behind and build 
a case that recurrence risk will be low.

 Will Radioiodine Remnant Ablation Be Helpful?

The main potential rationale for radioiodine remnant ablation in our patient is to 
improve recurrence risk. Unfortunately, few data are available to help guide this 
decision. The National Thyroid Cancer Treatment Cooperative Study’s data on 
radioiodine confirm no difference in survival or recurrence risk on multivariate 
analyses for their stage I (our patient’s stage) or II patients [23, 50]. Nixon and 
colleagues from Memorial Sloan-Kettering reported that in 23 thyroidectomized 
patients with microscopic extra-thyroidal extension of tumors <4 cm diameter and 
without evidence of lymph node metastases, recurrence-free survival to 10 years 
was 100% [6]. In the corresponding 63 patients who received radioiodine abla-
tion, recurrence free survival was 90% (P = 0.29). This work highlights the pos-
sibility of safely selecting patients for less intensive therapy. One retrospective 
Korean study has assessed recurrence in 121 patients with microscopic extra-thy-
roidal extension receiving radioiodine ablation, compared with 108 patients who 
did not [51]. Here, Jeon and colleagues found that 13.2% of patients receiving 
radioiodine had recurrence, vs. 9.3% of those without radioiodine (P  =  0.44). 
Radioiodine status remained nonsignificant for recurrence on multivariate analy-
sis. Finally, radioiodine is rarely used in Japan, yet the Japanese studies of micro-
scopic extra-thyroidal extension report excellent recurrence-free survival [9, 10, 
27]. One of the two ongoing trials for radioiodine allows inclusion of patients with 
microscopic extra-thyroidal extension (IoN; NCT01398085). This may help illu-
minate the role of radioiodine remnant ablation in patients with microscopic 
extra-thyroidal extension, although the trial is unlikely to be powered for this 
specific subgroup.

Until further data are published, an individualized approach to decision-making, 
taking into account confidence in available surgical skill, other tumor prognostic 
features, the postoperative serum thyroglobulin level, patient preference, and avail-
ability of quality follow-up, is reasonable. If radioiodine is to be used for minimal 
extra-thyroidal extension, low administered activity therapy (i.e., 30 mCi) appears 
adequate [52].

 What Should the Thyrotropin (TSH) Target Be?

TSH suppression has a role in the treatment of high-risk differentiated thyroid 
cancer [53]. Assuming a low postoperative serum thyroglobulin, the above discus-
sion does not support this label for our patient’s thyroid cancer. The National 
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Thyroid Cancer Treatment Cooperative Study did not find any significant differ-
ences in survival or recurrence for their stage I patients (our patient’s stage) based 
on serum TSH variations during follow-up [23]. A Dutch study including mostly 
low-risk patients found that recurrence and death were significantly increased 
above a serum TSH threshold of 2 mU/L [54]. Therefore, a long-term goal of a low 
normal serum TSH that ensures euthyroidism, i.e., 0.5–2.0 mU/L, would be rea-
sonable here. Some authorities recommend commencing treatment with a lower 
serum TSH target before subsequently re-stratifying risk, although an early unde-
tectable postoperative serum thyroglobulin would suggest an “excellent response” 
using dynamic risk stratification [45], and may allow for earlier arrival at long-term 
TSH targets.

 Would Molecular Testing of Our Patient’s Thyroid Cancer Assist 
in Decision-Making?

An intriguing prospect would be to use genomic/molecular markers of higher risk 
to guide the extent of treatment. The American Thyroid Association thyroid cancer 
treatment guidelines mention BRAF mutational status in the newest initial risk strat-
ification system [40]. BRAFV600E mutation is more common in tumors with extra- 
thyroidal extension, in addition to being associated with other higher-risk features 
[32]. However, BRAF mutation is a common event in papillary thyroid cancers, and 
papillary cancers with isolated microscopic extra-thyroidal extension rarely recur 
after surgical excision. Thus, a benefit from using BRAF mutational status here is 
uncertain; relying on BRAF status could potentially lead to overtreatment with addi-
tional surgery/radioiodine in those at very low risk of recurrence. Additional mark-
ers will likely be required to optimize clinical decision-making.

 Case Progress

The postoperative thyroglobulin on levothyroxine was undetectable (<0.5 ng/mL). 
Based on this result, the other low-risk tumor features, and the confidence that an 
effective pre- and intraoperative assessment of disease burden had been performed, 
the patient and her clinicians were comfortable to recommend against postoperative 
radioiodine ablation. Avoiding radioiodine also had the advantage in potentially 
preventing delay in attempting pregnancy. On 6-month review, the patient was well 
without clinical, biochemical (serum thyroglobulin <0.5  ng/mL), or ultrasound 
signs of recurrence disease. Serum TSH was 0.8 mU/L on levothyroxine replace-
ment. She was not yet pregnant.
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Chapter 7
A Small Papillary Thyroid Cancer 
with Angioinvasion

Michael E. Hopkins and Iain J. Nixon

 Introduction

Papillary thyroid cancer (PTC) is a relatively non-aggressive cancer in comparison 
to other malignancies. Patients that are at highest risk of recurrence and death are 
generally older and have aggressive, large volume local, regional, and distant dis-
ease [1]. These patients are typically treated aggressively with total thyroidectomy, 
selective neck dissection, and adjuvant radioactive iodine (RAI) therapy. Patients 
with small papillary thyroid cancers (PTC) without many of these features are more 
challenging to manage, since the majority of patients have excellent outcomes in 
terms of both survival and recurrence [2]. Further risk stratification is therefore use-
ful to avoid over- or under-treatment of patients within this cohort. The overwhelm-
ing majority of patients with a small PTC will present without advanced disease 
features, and the only variables available for risk stratification relate to the primary 
disease itself. This includes the presence of vascular invasion histologically, which 
presents a management challenge.

 Case Presentation (Diagnosis and Investigation)

A 35-year-old female music teacher underwent a right thyroid lobectomy for an 
enlarging thyroid nodule which was causing increasing dysphagia. A pre-operative 
thyroid ultrasound had demonstrated this to be 1.5 cm and suspicious for malig-
nancy in ultrasound appearance and on fine needle aspiration cytology. There was 
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no evidence of pathological cervical lymph nodes on pre-operative imaging. The 
operation went without complication, the lobe was removed intact, and there were 
no adverse intraoperative features. A nerve monitor was used, and at the end of the 
procedure, both the vagus and recurrent laryngeal nerves (RLN) stimulated; further-
more, both parathyroid glands were reported to have remained in situ. Post-operative 
assessment of the vocal cords revealed good function bilaterally, and the patient’s 
serum-adjusted calcium was 9.0 mg/dl (8.5–10 mg/dl). The post-operative thyroid- 
stimulating hormone was measured at 6-week follow-up and found to be 6.2 mU/L 
(0.5–5  mU/L); this was an increase compared to her pre-operative baseline of 
3.8  mU/L, and not unexpected following excision of a thyroid lobe. The post- 
excision histopathological assessment of the lobe revealed evidence of a 1.5 cm, of 
encapsulated PTC with one focus of vascular invasion in a background of 
Hashimoto’s thyroiditis. The patient was notified of the findings, and her case was 
discussed at the regional multidisciplinary team (MDT) meeting to decide on the 
need for further therapy.

 Literature Review

For small PTC, in general, clinical outcomes are excellent. Indeed, in both Japan 
and the USA, there is a move towards active observation rather than surgery for 
such cases [1, 3]. Only one third of patients go on to require surgery because of 
growth or the development of regional metastases, and therefore, histological details 
in the contralateral lobe or central neck are not known for the majority of cases.

There are no prospective studies that have examined the treatment of patients 
with angioinvasion in PTC.  Professional groups such as the American Thyroid 
Association (ATA) and the British Thyroid Association (BTA) recognize that vascu-
lar invasion is an adverse risk feature in PTC, which, if present, increases the risk of 
recurrence of up to 30% [1]. Consequently, international guidelines recommend 
consideration of RAI, which requires total thyroidectomy, in such cases. Gross mac-
roscopic angioinvasion, as observed in the operating theatre or on histology, is a 
significant adverse prognostic indicator and is generally rare in PTC.  However, 
when present, there is an association with more advanced disease and adverse out-
come [4], due to the increased propensity for regional or distant disease to occur.

Although there is an association between vascular invasion and adverse outcome 
[4], most patients who have vascular invasion also have additional disease features 
which place them at higher risk of recurrence already [5, 6]. Wreesman et al. found 
that the presence of angioinvasion alone, in the absence of additional high-risk fea-
tures (e.g. tumour size >4 cm, extra-thyroidal extension, distant metastases, or age 
over 45 years), was not predictive of an increased risk of recurrence [7]. The extent 
of angioinvasion is also a factor that has been shown to impact the prognosis. 
Multiple studies have outlined that the number of identified sites of vascular inva-
sion is correlated with outcome. Therefore, some experts recommend a cut-off of 
≤4 foci as being clinically significant, accepting that a binary scale is suboptimal [8].
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Although this subject is contentious, the evidence does suggest if findings of 
angioinvasion are seen at a microscopic level; moreover if there are four or less foci 
of invasion, then excellent outcomes are likely to be achieved, even without contra-
lateral lobectomy and RAI [4]. This notion accepts that the probability of occult 
disease being present in the contralateral lobe and central neck compartment is high 
[1]. However, such putative disease may never become clinically evident [9].

 Case Summary

Two justifiable options exist for this patient who has already undergone surgery: 
close clinical surveillance including periodic neck ultrasound or proceeding to com-
pletion thyroidectomy + RAI. It must be recognized that, in the absence of suspi-
cious nodules on pre-operative ultrasound, completion thyroidectomy is performed 
with the sole purpose of facilitating RAI, as the contralateral lobe rarely harbours 
disease which alters clinical decision-making in small well-differentiated thyroid 
carcinomas (WDTC) (<4 cm) [10].

Ultimately, numerous factors from the case need to be considered before decid-
ing on further treatment, and these can be broken down into (1) patient factors and 
(2) tumour-related factors. Clearly, if the patient had sustained a RLN palsy or per-
manent hypoparathyroidism after the initial operation, one would avoid further sur-
gery. However, this was not the case here; indeed the procedure went without 
complication. Considering patient factors, as a music teacher, her lifestyle places 
demands on her voice, giving her more to lose in the event of surgical injury to the 
nerve and from side effects of adjuvant therapy (xerostomia, sialadenitis) [11]. She 
is also young, with low-risk disease, and therefore likely to do well regardless of 
further treatment as mortality risk in stage I well-differentiated thyroid cancer 
approaches 0%. However, the fact that her TSH level has increased on a background 
of Hashimoto’s thyroiditis and her pre-operative TSH level suggests that she is 
likely to require lifelong thyroxine replacement following lobectomy, mitigating 
one of the adverse effects of completion surgery [12]. With regard to the tumour, the 
lesion is a small classic PTC with a reassuring pre-operative ultrasound. This would 
certainly be in favour of no further active treatment. However, if suspicious contra-
lateral nodules were observed subsequently, then lobectomy and RAI could be 
advocated. If there is significant vascular invasion, patients should be considered to 
be at low-intermediate risk of recurrence. At this patient’s age, her risk of clinical 
recurrence and disease-related mortality is extraordinarily low, and the ATA does 
not routinely recommend RAI [1]. Therefore, although further treatment with com-
pletion thyroidectomy and RAI therapy could be considered, active monitoring may 
be recommended instead [1].

In summary, whichever option is chosen for the patient, she is likely to have an 
excellent outcome as she is young and has a small-volume PTC, and there are no 
macroscopic regional or distant metastases or extra-thyroidal extension. Therefore, 
her risk of disease-related mortality, even without adjuvant treatment, is <1%. It is 
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imperative that risks of treatment are minimized and that the patient is comfortable 
with the treatment strategy that is proposed. We must also consider that if the patient 
opts for a conservative approach, initially this decision can be changed during fol-
low- up. In addition, the patient is of childbearing age and may wish to avoid RAI 
until after any planned pregnancy.

In this case, the patient and clinical team opted for thyroid lobectomy and sur-
veillance. With a single focus of vascular invasion and a low-risk patient, both the 
patient and clinical team were happy with an approach that included annual clinical 
assessment, thyroid function testing, and ultrasound surveillance.

This case highlights the importance of individualized decision-making in patients 
with low-risk DTC (in this case a small PTC with vascular invasion). In such cases 
a balanced approach to management should address both patient- and tumour- 
related factors to achieve an outcome which optimizes both oncological and func-
tional outcomes.
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Chapter 8
A Patient with a Pathological Diagnosis 
of Noninvasive Follicular Thyroid 
Neoplasm with Papillary-Like Nuclear 
Features (NIFTP)

David Carruthers and Steven P. Hodak

 Case Presentation

The patient is a 34-year-old woman who presented with an asymptomatic left-sided 
thyroid nodule. The nodule was first noted 2 years prior to presentation, and ultra-
sonography at that time showed a mixed hypoechoic solid and cystic nodule, with 
solid components measuring 13 × 10 × 8 mm. Fine-needle aspiration (FNA) dem-
onstrated benign cytology.

On follow-up ultrasonography 2 years later, the solid component of the nodule 
had increased in size to 17 × 16 × 20 mm, and the entire nodule now measured 
20 × 15 × 20 mm. The nodule remained mixed solid and cystic, hypoechoic, homo-
geneous with well-defined borders without microcalcifications or other high-risk 
features (Fig. 8.1). The TSH was 1.9 mU/L (0.4–4.0 mU/L). Cytology from a repeat 
FNA was Bethesda IV/suspicious for a follicular neoplasm, and reflex molecular 
diagnostic testing with Thyroseq (UPMC and CBL Pathology Inc.), a next- 
generation genomic classifier (GC), was performed. The GC result showed an 
NRAS p.Q61R mutation which is associated with a 70–80% probability of follicular- 
pattern cancer or noninvasive follicular thyroid neoplasm with papillary-like nuclear 
features (NIFTP). The patient underwent an uncomplicated left lobectomy, and final 
pathology confirmed a 2.1  cm noninvasive follicular thyroid neoplasm with 
papillary- like nuclear features (NIFTP) (Fig. 8.2).
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 Literature Review

In 2012, the National Cancer Institute convened a conference to discuss a paradigm 
shift in how we view and categorize cancer. The conference leads to a publication 
calling for changes in terminology to better distinguish indolent and aggressive 
tumors, with the goal of reducing overdiagnosis and overtreatment of those lesions 
with low malignant potential [1]. Thyroid cancer was identified as a type of neo-
plasm that could be sufficiently indolent to justify revision of existing nomenclature 
to reflect exceedingly low malignant potential.

Epidemiologic data show that increased screening and more frequent imaging 
have led to a significant rise in thyroid cancer incidence with no change in mortality. 
This is primarily driven by detection of low-grade papillary thyroid cancers (PTC) 
[2–4]. This includes an increased prevalence of the follicular variant of papillary 
thyroid cancer (FVPTC) in the USA [5, 6].

Fig. 8.1 Ultrasound of the left thyroid lobe nodule. Left to right: longitudinal, longitudinal with 
Doppler, transverse

Fig. 8.2 NIFTP gross 
specimen
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FVPTC is defined as a tumor with neoplastic follicles, but with nuclear features 
of PTC. FVPTC is further subdivided based on the presence of capsular and vascu-
lar invasion as encapsulated noninvasive FVPTC (NIEFVPTC), encapsulated inva-
sive FVPTC (EFVPTC), and infiltrative margins FVPTC (IFVPTC) [7, 8]. 
Altogether, FVPTC accounted for >20% of thyroid cancers in Europe and the USA, 
quadrupling in prevalence from 1974 to 2009 [6, 9], though prevalence varies by 
race [10]. Prior to 2016, many of these cancers were treated aggressively with total 
thyroidectomy and radioactive iodine (RAI) remnant ablation, but retrospective 
studies showed FVPTC’s risk of metastasis and recurrence to be dependent on inva-
sion. NIEFVPTC demonstrated very low malignant potential, with <1% local, 
regional, or distant metastases up to 10-year follow-up in >300 published cases, 
despite the majority of these patients being treated conservatively with lobectomy 
and without RAI, whereas capsular or vascular invasion was associated with an 
increased risk of recurrence and metastasis. On a molecular level, NIEFVPTC is 
found to have a high rate of RAS or RAS-like mutations, whereas IFVPTC is more 
likely to have BRAFV600E mutations [7, 11]. This distinction is important, as it 
shows the former to be more genetically similar to follicular thyroid cancer, while 
the latter BRAF-driven neoplasms are more similar to classical variant PTC.

Given the indolent behavior and favorable prognosis of the NIEFVPTC, in 2016 
an international consensus group consisting of 24 experienced thyroid pathologists, 
2 endocrinologists (including SPH), 1 surgeon, and 1 psychiatrist convened to dis-
cuss possible reclassification of NIEFVPTC and to consider removing the word 
“cancer” from its name. They reviewed 268 tumors diagnosed previously as encap-
sulated FVPTC and divided them into groups based on the presence or absence of 
invasion. Group 1 was composed of 138 cases of NIEFVPTC with 10-year follow-
 up. Group 2 contained 130 cases demonstrating vascular or capsular invasion with 
at least 1-year follow-up. At 10–16 years’ follow-up, 100% of the patients in group 
1 were alive with no evidence of recurrence. Group 2 had 1–18 years’ follow-up, 
and 12% had a disease-specific adverse event including 2 % with locoregional 
recurrence or persistent disease, 5 % lung and/or bone metastases, and 5 % with 
indeterminate or biochemically incomplete response with detectable serum 
thyroglobulin.

Based on the favorable prognosis of NIEFVPTC, they renamed this clinical 
entity to emphasize its indolent clinical behavior, ultimately settling on noninvasive 
follicular thyroid neoplasm with papillary-like nuclear features (NIFTP). 
Additionally, they promulgated the inclusion and exclusion criteria for the diagnosis 
of NIFTP found in Table 8.1 [8]. These diagnostic criteria aim to exclude conven-
tional PTC (true papillae <1% and psammoma bodies), invasive EFVPTC (inva-
sion), poorly differentiated carcinoma (tumor necrosis and high mitotic activity), 
and other PTC variants (cellular/morphological characteristics of other PTC vari-
ants) [12]. In 2017, the American Thyroid Association (ATA) endorsed this nomen-
clature in an update statement to their 2015 guidelines [13]. The diagnostic category 
of NIFTP was subsequently codified by the World health Organization (WHO) in its 
2017 update [14].
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Changing the nomenclature by removing the term “cancer” acknowledges the 
low risk of metastasis and was intended to remove associated cultural and psycho-
logical stigma and stress. It was also anticipated that this would decrease confusion 
among providers, patients, and families, who might otherwise opt for more aggres-
sive and therapeutically unnecessary treatments such as completion thyroidectomy 
and use of radioactive iodine. It was anticipated that this would also reduce the risk 
of iatrogenic harm including recurrent laryngeal nerve injury, superior laryngeal 
nerve injury, hypoparathyroidism associated with completion thyroidectomy as 
well as the risks of secondary malignancy, and salivary gland and lacrimal duct 
injuries associated with RAI [15, 16]. Further, the change in nomenclature was also 
anticipated to decrease the known financial burden associated with completion thy-
roidectomy, RAI, and greater intensity of follow-up that the diagnosis of thyroid 
cancer typically conveys [17–19]. Whether or not the new NIFTP diagnosis will 
effectively reduce medical costs remains to be seen. It is most likely to impact popu-
lations where the prevalence of NIEFVPTC is significant and may be less signifi-
cant in Asia where NIEFVPTC represents only 1.6% of all PTC vs. 13.3% in 
non-Asian series [20].

Since the introduction of the NIFTP diagnosis, most follow-up studies have con-
firmed the benignity of NIFTP even in tumors >4 cm [21–26]. However, there have 
also been reports of NIFTP with metastases [12, 22, 25, 27–31]. Valderrabano et al. 
reported two metastatic tumors classified as NIFTP. However, upon rereview, these 
tumors were found to have capsular or vascular invasion, which are definitive 

Table 8.1 Diagnostic Criteria for NIFTP

2016 NIFTP Diagnostic Criteriaa 2018 NIFTP Diagnosis Revisionb

1.  The tumor is fully encapsulated with 
clear demarcation

2. Follicular growth pattern with
 <1% papillaec

 No psammoma bodies present
  <30% solid growth or other PTC 

variant morphological pattern
3.  Nuclear score 2–3 (papillary-like 

features present)c

4.  No vascular or capsular invasion 
with sufficient microscopic 
examination of the capsule

5. No tumor necrosis
6.  No high mitotic activity (<3 mitoses 

per 10 high-power fields)

1.  The tumor is fully encapsulated with clear 
demarcation

2. Follicular growth pattern with
 No true papillaec

 No psammoma bodies present
  <30% solid growth or other PTC variant 

morphological pattern
3.  Nuclear score 2–3 (papillary-like features present). 

Nuclear score of 3, rarely seen without true 
papillae. If nuclear score is 3, recommend full tumor 
analysis and molecular testing. BRAFV600E 
mutation would exclude NIFTPc

4.  No vascular or capsular invasion with sufficient 
microscopic examination of the capsule

5. No tumor necrosis
6.  No high mitotic activity (<3 mitoses per 10 

high-power fields)
aCriteria from 2016 Nikiforov et al. NIFTP JAMA Oncology publication [7]
bRefined NIFTP criteria from 2018 Kakudo et al. editorial [17]
cRefined NIFTP criteria proposed by the authors of the original 2016 diagnostic criteria. <1% 
papillae were accepted in the original diagnosis to account for poorly formed hyperplastic papillae, 
not true papillae which are seen in classical PTC [17]
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exclusion criteria for NIFTP diagnosis [12]. Rosario et al. reported a case of NIFTP 
with lymph node metastasis, but a conventional variant papillary microcarcinoma 
was also present in the surgical specimen [25]. Parente et al. found on retrospective 
review of 102 tumors reclassified as NIFTP that 5 (4.9%) had lymph node metasta-
sis and 1 (1%) had distant metastasis [30].

Several publications from Korea report cases of NIFTP with BRAFV600E muta-
tions on molecular analysis and lymph node metastases [22, 27–30]. Kim et  al. 
reported lymph node metastasis in 9 of 74 (12%) cases of NIFTP, but 5 of these 9 
cases were also noted to have concomitant conventional PTCs in the surgical speci-
men [28]. Lee et al reported five patients with NIFTP with BRAFV600E mutations, 
one of which had lymph node metastases [29]. Of these five cases, four were exam-
ined by a second pathologist who found one case had true papillae and another case 
showed capsular invasion, both of which are exclusion criteria for NIFTP diagnosis. 
The remaining two cases demonstrated no exclusion criteria, but the reviewer noted 
an insufficient number of tissue sections to adequately make an adequate assess-
ment [12].

Lastly, Cho et al. reviewed 6269 PTCs, of which 152 cases without evidence of 
invasion met criteria for NIEFVPTC. They then divided the encapsulated follicular 
variant PTC by <1% papillae or 0% papillae as a cutoff. They found in the 1% papil-
lae cutoff group that 3 of 105 (3%) had lymph node metastases, 1 of 105 (1%) had 
a distant metastasis, and 10 of 105 (10%) had BRAFV600E mutations. In the 0% 
papillae group, no BRAFV600E mutations were found, but central lymph node 
metastasis still occurred in 2 of 95 (3%) [27].

The original 2016 NIFTP criteria allowed for <1% papillary structures in order 
to allow for “few delicate, poorly formed, hyperplastic-type papillae” [12]. However, 
these guidelines had been interpreted to allow inclusion of true papillae, a feature 
typical of classical PTC. Due to this point of confusion, in 2018 the authors of the 
NIFTP working group proposed to addend the NIFTP definition, adding:

 1. No true papillae are allowed for the diagnosis of NIFTP. The previous exclusion 
criteria “true papillae < 1%” should be replaced with “no true papillae.”

 2. Florid nuclear features of PTC [8] is not an exclusion criterion but is typically 
accompanied by true papillae. If such nuclear features are seen, examination of 
the entire tumor, not just the capsule, with optional, but recommended, analyses 
for BRAFV600E using either immunohistochemical methods or molecular tech-
niques may be necessary (see Table 8.1) [12].

It is also essential when evaluating NIFTP tumors that they are adequately sec-
tioned to fully evaluate the capsule and nuclei, as an incomplete evaluation of the 
tumor and capsule may allow invasive features to escape detection, leading to inap-
propriate diagnosis as NIFTP [12].

Lastly, it is important to reemphasize that NIFTP is a histologically follicular 
neoplasm typically driven by RAS or RAS-like mutations. Tumors harboring 
genetic alterations such as BRAFV600E, BRAFV600E-like mutations [32], RET/
PTC rearrangements, or TERT mutations are very unlikely to be NIFTP, and in 
these cases, scrupulous examination of these tumors will likely demonstrate fea-
tures that invalidate a NIFTP diagnosis.
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Though the NIFTP diagnosis requires surgical excision and pathologic review, it 
has been demonstrated that the mRNA molecular profiling of NIFTP tumors may 
promise the possibility to further risk stratify these tumors. This is based on the 
observation that the mRNA profile of follicular adenomas and IFVPTC are distinct, 
whereas NIFTP mRNA profiles can either be follicular adenoma-like or IFVPTC- 
like, suggesting that it may be possible to identify a subset of NIFTP tumors at high 
risk for progression to IFVPTC. Whether such mRNA profiling could further inform 
the intensity of postsurgical follow-up or perhaps even identify tumors amenable to 
observational management without surgery will require further investigation [33].

There are no long-term prospective studies or consensus guidelines regarding 
outcomes and appropriate follow-up of patients with a NIFTP diagnosis. However, 
a NIFTP is by definition a noninvasive transitional lesion. Any evidence of invasion 
on final pathology excludes the NIFTP diagnosis. Therefore, surgical excision is 
curative, and these patients should be followed in very much the same manner as a 
patient who has undergone revision of a benign follicular adenoma. However, this 
recommendation must depend on confidence that the NIFTP diagnosis has been 
correctly made.

Our approach to management of patients with NIFTP tumors is as follows:

• Patients with small, typical NIFTP tumors (we arbitrarily define “small” as 
<2 cm) that have been correctly classified using the most stringent criteria by an 
experienced pathologist may be considered surgically cured. These patients may 
be discharged from further specific specialty care.

• For NIFTP tumors 2–4 cm in size, we recommend confirming with the reading 
pathologist that both the entire capsule and parenchyma of the tumor have been 
adequately sectioned to ensure the NIFTP diagnosis is correctly made. In these 
cases we also consider these patients to be surgically cured, and they may be 
discharged from further specific specialty care as well.

• Though not definitively proven, we believe that certain features increase the risk 
that a NIFTP diagnosis may be made incorrectly. We therefore recommend 
heightened surveillance if any of the following are present:

 – Large NIFTP tumors (arbitrarily defined as >4 cm)
 – Presence of florid nuclear features
 – Presence of a high-grade oncogenic driver gene alterations such as 

BRAFV660E or BRAFV600E-like genetic profiles [32]
 – Inability to confirm that the diagnosis of NIFTP was made based on stringent 

criteria

In these cases, we recommend establishing a baseline thyroglobulin level and 
postoperative neck ultrasound examination 6–12  months after surgery. 
Subsequently, we recommend assessment with annual thyroglobulin screening 
indefinitely, as well as follow-up neck ultrasound examination every 2–3 years 
for the next 5 years and then every 3–5 years thereafter as long as there are no 
new clinical concerns.

• Postsurgical hypothyroidism should always be treated as needed to a clinically 
appropriate goal TSH, which we define as lower to mid-normal range.
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 Back to the Patient

Following uncomplicated left lobectomy, final pathology confirmed a 
2.1 × 1.8 × 1.6 cm NIFTP (Figs. 8.2 and 8.3). Postoperatively she was discharged 
from the endocrine surgery clinic and returned to her community endocrine prac-
tice. Her TSH remained normal at 2 years’ follow-up without the use of thyroid 
hormone replacement.

Clinical Pearls/Pitfalls
• NIFTP is a diagnosis made after complete resection of the tumor with 

lobectomy.
• Following definitive resection, NIFTP has a favorable prognosis even 

without completion thyroidectomy and RAI, with <1% tumor recurrence 
or metastasis, even in tumors >4 cm in size.

• NIFTP tumors often are low suspicion nodules on ultrasonography and 
indeterminate cytology on fine-needle aspiration.

• There are strict inclusion and exclusion criteria for diagnosing 
NIFTP. Adequate tumor sections must be taken to fully evaluate the tumor 
and capsule to ensure they meet NIFTP criteria.

• NIFTP may not contain any true papillae. Fewer than 1% few delicate, 
poorly formed, hyperplastic-type papillae are allowed.

• On molecular analysis, NIFTP commonly have RAS and RAS-like muta-
tions. Tumors with BRAFV600E or BRAFV600E-like mutations, RET/
PTC rearrangements, should be excluded for NIFTP diagnosis.

Fig. 8.3 Left: NIFTP at amplification x40 with characteristic nuclear enlargement, nuclear 
grooves (black arrows), and chromatin clearing (red arrows). Right: NIFTP at amplification ×4 
showing a portion of the intact tumor capsule (black arrows)
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Chapter 9
Papillary Thyroid Cancer with Central 
Neck Lymph Node Metastases

Alyse S. Goldberg, Lorne E. Rotstein, and Anna M. Sawka

Abbreviations

PMC Papillary microcarcinoma
RAI Radioactive iodine
TSH Thyroid-stimulating hormone concentration

 Case Presentation

A previously healthy 30-year-old female was seen by her family physician for a gen-
eral medical exam. As part of this evaluation, she underwent measurement of thyroid-
stimulating hormone (TSH) concentration and a neck ultrasound. It was not clear why 
the ultrasound was ordered, as the patient was not aware of any abnormality in her 
thyroid exam. The patient had no compressive symptoms (i.e., no hoarseness, dyspha-
gia, nor dyspnea). There was no family history of thyroid cancer nor thyroid disorders. 
The patient had no significant history of head and neck radiation exposure.
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 Diagnosis/Assessment

For the case presented, the baseline TSH level was normal (2.49 mU/L), and a neck 
ultrasound showed a left-sided solid, 1.0  cm hypoechoic thyroid nodule with 
smooth margins and no microcalcifications; there were no other thyroid nodules 
and no enlarged/suspicious lymph nodes. Ultrasound-guided fine-needle aspiration 
biopsy of the thyroid nodule was positive for papillary thyroid cancer. She under-
went total thyroidectomy, and the intraoperative detection of an enlarged paratra-
cheal lymph node prompted therapeutic left pretracheal and left paratracheal nodal 
dissection as part of the same procedure. The final surgical pathology showed mul-
tifocal micropapillary thyroid cancer (PMC, follicular variant), with two foci, mea-
suring in maximal diameter 0.9 cm (in the left lobe) and 0.2 cm (in the right lobe), 
respectively. There was no extrathyroidal extension of the primary tumor, with no 
lymphatic, vascular, nor capsular invasion. The resection margins were clear. There 
was evidence of chronic lymphocytic thyroiditis. Upon examination of the eight 
resected central neck lymph nodes, two of them were positive for PTC, the foci 
measuring 8 mm and 3 mm, respectively, in maximal diameter, without extranodal 
extension.

The clinicopathologic stage of disease in this case was interpreted as follows:

• T1aN1aMx (Stage I) per the AJCC/TNM VIII system [1, 2]
• Low risk (for thyroid cancer-related mortality) by the MACIS system (score 

3.37) [3]
• American Thyroid Association (ATA) intermediate risk of recurrence using the 

2009 classification system [4]

Postoperatively, the patient started taking levothyroxine and recovered unevent-
fully, with normal calcium and parathyroid hormone levels, and had no problems 
with her voice. Approximately 11 weeks following surgery, while on levothyroxine 
therapy (TSH 7.24 mU/L with a normal free thyroxine concentration), the thyro-
globulin was <0.9 ng/ml, but thyroglobulin antibodies were present at a level of 
97 IU/L (thyroglobulin antibody reference range <39 IU/L and the assay detection 
limit 20 IU/L). Given the presence of thyroglobulin antibodies, the thyroglobulin 
measurement was considered unreliable, due to potential assay interference [5]. A 
postoperative ultrasound of the neck 12 weeks after surgery was negative. Her levo-
thyroxine dose was increased, with the intention of suppressing the TSH concentra-
tion (<0.1 mU/L). The patient’s endocrinologist recommended radioactive iodine 
(RAI) adjuvant treatment, suggesting that this may reduce disease recurrence and 
facilitate disease follow-up (with thyroglobulin measurements and radioactive 
iodine scans). However, the patient did not want to take RAI, unless there was proof 
that it could reduce her risk of dying from thyroid cancer or distant metastatic 
recurrence. She strongly disliked the idea of taking any form of “radiation,” unless 
it was clear that it could prevent death or distant metastases (which were her pri-
mary concerns). She was then referred an endocrinologist at a tertiary care center 
for further counseling.
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 Literature Review

 Classification of Lymph Node Disease

Randolph et al. of the American Thyroid Association’s Surgical Affairs Committee 
have reviewed the literature on prognostic significance of nodal metastases of papil-
lary thyroid carcinoma and have proposed a categorization system for nodal disease 
[6]. Pathologic N1 (pN1) is any metastatic papillary thyroid cancer detected on the 
pathologic specimen of any resected lymph nodes [6]. Clinically apparent nodal 
disease, referred to as clinical N1 (cN1), is defined as metastatic lymph nodes iden-
tified on either physical examination, diagnostic imaging studies, or intraoperative 
inspection by the surgeon, and the absence of such features is clinical N0 (cN0) [6]. 
The presence of one or more metastatic lymph nodes that are visible on preoperative 
physical examination, ultrasound, or during surgery (the latter according to surgical 
and pathologic reports) has been independently associated with increased risk of 
recurrence of disease in a multivariable analysis, including data from 545 patients 
[7]. However, in the central neck, the accuracy of intraoperative surgical inspection 
is only about 60% [8], with larger affected nodes being more readily clinically 
detected [9]. Moreover, the significance of subclinical, low-volume nodal disease in 
the central neck is not clear.

Regardless of how cN1 disease is detected, resection of such affected nodes and 
relevant nodal compartments is termed “therapeutic neck dissection” [6]. In con-
trast, “prophylactic neck dissection” is defined as nodal dissection in the absence of 
any evidence of cN1 disease prior to the procedure [6]. Randolph et  al. divided 
nodal disease into two categories: lower-risk N1 disease and higher-risk N1 disease 
[6]. Lower-risk N1 disease has been defined by the presence of the following crite-
ria: (a) clinical N0; (b) low-volume nodal disease, specifically micrometastatic 
nodes (i.e., largest focus of thyroid cancer in the node <0.2 cm in diameter) or small 
nodal metastases (0.2 to <1.0 cm in diameter); and (c) ≤5 small lymph node metas-
tases (i.e., each measuring <1.0 cm in diameter) [6]. Higher-risk N1 disease has 
been defined by the presence of the following criteria: (a) clinically detectable 
lymph node metastases (cN1), (b) metastatic lymph node(s) >3 cm, and (c) >5 met-
astatic lymph nodes [6]. Randolph et al. have also reported that gross extranodal 
extension, increasing number of metastatic lymph nodes with microscopic extrano-
dal extension, or the combination of microscopic extranodal extension and meta-
static lymph nodes >1 cm is also predictive of a higher risk of disease recurrence 
[6]. The location of nodal disease has been reported to be associated with the size of 
involved nodes in papillary thyroid cancer, particularly for bulky enlarged nodes. 
For example, Chow et al. reported that 13% of N1a and 56% of N1b papillary thy-
roid cancer patients had involved nodes >2 cm in diameter (p < 0.001) [10]. Ito et al. 
suggested that for papillary thyroid cancer patients whose nodal disease is detected 
on preoperative imaging, the cause-specific survival of patients with N1b level 
nodal involvement is not significantly different from that of those with N1a nodal 
involvement [11]. However, in this study [11], the disease-free survival was 
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adversely affected in papillary thyroid cancer patients with N1b level nodal involve-
ment who had pathologic evidence of aggressive nodal disease, including the lymph 
nodes measuring >3 cm in diameter, extranodal extension, or ≥5 or more involved 
nodes [11]. Furthermore, the presence of two or more such adverse features in N1b 
disease was associated with reduced cause-specific survival [11]. Age also appears 
to be an important prognostic variable in N1 disease. For example, Verburg et al. 
reported that in differentiated thyroid cancer, patients aged ≥45 years who have 
lateral neck lymph node metastases have a reduced long-term life expectancy, but 
life expectancy is not significantly impacted in younger patients with similar dis-
ease features [12]. Furthermore, Hughes et al. have reported that in differentiated 
thyroid cancer patients with N1 disease, the recurrence rate was 8% in those 
<45 years of age, as compared with 31% in those ≥45 years of age [13]. In this 
study, all disease recurrences were successfully treated in the N1 patients aged 
<45 years, but only about a third of those aged ≥45 years of age [13]. In conclusion, 
the size and number, location of metastatic lymph nodes, the presence of extranodal 
extension, and patient age are relevant considerations in risk stratification of N1 
disease.

 Epidemiology of N1 Disease in Patients with PMC

Lymph node metastases are evident at the time of diagnosis in approximately 
12–64% of cases of PMC [14–26]. If nodal metastases are present in this situation, 
the ipsilateral paratracheal compartments, followed by the pretracheal compart-
ments, are the levels most frequently affected [20]. Lateral neck nodal metastases 
may be present in about 3–7% of individuals with PMC [15, 20, 24, 27, 28]. The 
presence of primary tumor extrathyroidal extension [14, 19, 29] and tumor multifo-
cality [19, 29, 30] are risk factors for the presence of lymph node metastases with 
PMC. In summary, N1 disease is not uncommon in patients with PMC, and if it is 
present, it is most frequent in the central neck.

 Prognosis of N1 Disease in Patients with PMC

The overall risk of disease recurrence or persistence in patients with papillary thy-
roid microcarcinoma and positive lymph nodes (without distant metastases at pre-
sentation) has been reported to range between 3.0% and 22% [15–17, 19]. The risk 
of dying of thyroid cancer and developing distant metastatic recurrence in this con-
text are important considerations. In a recent retrospective review of PMCs, 
Mercante et al. reported that in a subgroup of 27 patients with T1aN1a disease, none 
of the patients died of disease nor developed distant metastases (follow-up about 
8 years) [19]. Similarly, Kim et al. found that in a subgroup of 168 individuals with 
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PMC with no evidence of macroscopic extrathyroidal extension nor distant metas-
tases at initial presentation, no patient died of thyroid cancer nor developed distant 
metastatic disease (mean follow-up about 5 years) [15]. In a retrospective review of 
PMC cases from a hospital in Hong Kong, Chow et al. [22] reported that in a sub-
group of 48 patients with PMC and various degrees of severity of lymph node dis-
ease without distant metastases, 2% died due to thyroid cancer (1/50) and 4.0% (two 
patients) developed distant metastatic recurrence (mean follow-up about 8 years) 
[22]. In a retrospective chart review of patients with differentiated thyroid carci-
noma ≤1 cm in diameter treated in the years 1962–1995 in France, Baudin et al. 
reported that in node-positive PMC patients without distant metastases at primary 
presentation, none of the patients died from thyroid cancer (0/113) and only 1% 
developed distant metastatic recurrence (1/113) (mean follow-up of about 7 years) 
[21]. Also, in a retrospective review of PMC cases at the Mayo Clinic, Hay et al. 
studied that the outcomes of a subgroup of 273 patients had positive lymph nodes at 
diagnosis [17]. Hay et al. indicated that no female with initial disease confined to 
the neck ultimately died of disease or developed distant metastases, but one male 
with extensive bulky lateral neck disease at presentation developed bone metastases 
and died of the disease, approximately 30 years after presentation (mean study fol-
low-up 17 years) [17]. In summary, in papillary thyroid microcarcinoma patients 
with limited nodal involvement, no evidence of other adverse disease features, and 
no distant metastatic disease at the time of presentation, the risk of dying of thyroid 
cancer is likely about 0–2%, and the risk of developing distant metastatic recurrence 
is likely about 0–4%.

In patients with papillary thyroid microcarcinoma and lymph node metastases 
(T1aN1), the risk of local-regional recurrence of disease in the neck or lymph nodes 
is another relevant consideration. The risk of local-regional recurrence in T1aN1 
PMC has been reported to range from 3% to 16% [15, 17, 21]. Furthermore, the 
incidence rate of local-regional recurrence has been subdivided according to the 
level of nodal involvement at the time of initial diagnosis as follows, in two of the 
more recent studies: N1a (central neck) 0–3% and N1b (lateral neck or mediasti-
num) 2–11% (excluding individuals with extrathyroidal extension of the primary 
tumor at initial diagnosis) [15, 19]. Based on these limited data, it appears that nodal 
recurrence of disease is relatively uncommon in patients with PMC whose initial 
nodal disease is confined to the central neck, in the absence of other adverse disease 
characteristics.

 Does RAI Adjuvant Treatment Reduce the Risk of Disease 
Recurrence in T1aN1 Disease?

There are limited data from observational studies examining whether radioactive 
adjuvant treatment reduces the risk of recurrence after total thyroidectomy in 
patients with node-positive PMC.  Hay et  al. reported that of 253 node-positive 
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patients with PMC, RAI adjuvant treatment did not significantly reduce local recur-
rence in the neck (p = 0.81) nor distant metastatic recurrence (p = 0.68) [17]. Ross 
et  al. of the National Thyroid Cancer Treatment Cooperative Study Group also 
reported that in a subgroup analysis of 135 node-positive patients with PMC who 
were followed prospectively, RAI treatment did not significantly improve recurrence- 
free survival in node-positive patients (17% without RAI, 11% with RAI, p > 0.05) 
[16]. Kim et al. reported that in a subgroup of 168 PMC patients who either had 
nodal disease, microscopic extrathyroidal extension of the primary tumor, or multi-
focality, RAI treatment did not significantly improve recurrence-free survival 
(p = 0.52) [15]. Chow et al. reported that in 50 PMC patients with N1 disease, the 
administration of RAI did not significantly impact the risk of lymph node recur-
rence (nodal relapse rate 12.2% (5/41) in the RAI-treated patients and 22.2% (2/9) 
in those who did not receive RAI, p = 0.6) [22]. Creach et al. published a retrospec-
tive study of PMC patients, which included a subgroup analysis of 153 individuals 
with N1 disease [26]. In this study, the 5-year recurrence-free survival rate was 
significantly higher in node-positive PMC patients treated with RAI (93.2%) com-
pared to those not treated with RAI (42.9%) (p < 0.0001) [26]. An important limita-
tion of the latter study is that not all of the patients had total thyroidectomy, so it is 
not clear if the surgical extent was the same in both groups [26]. Hu et al. performed 
a systematic review of the published observational literature, comparing patients 
with papillary microcarcinoma post-total or near-total thyroidectomy who were 
treated with radioactive iodine to those who were not, after statistical adjustment for 
other prognostic factors (including presence of nodal metastases) [31]. Hu et  al. 
reported no significant RAI treatment benefit in papillary microcarcinoma patients 
in meta-analyses of the following 10-year outcomes: any tumor recurrence, locore-
gional disease recurrence, distant metastatic recurrence, or thyroid cancer-specific 
mortality [31]. Important limitations of these data include the retrospective nature 
of included studies and a lack of risk stratification for degree of nodal involvement 
[31]. Randomized controlled trials are clearly needed to better define the role of 
RAI adjuvant treatment in node-positive PMC patients, with attention to risk strati-
fication of nodal disease.

 Management Considerations and Outcomes

Our patient presented with PMC, with no preoperative evidence of nodal metasta-
ses, but with intraoperative palpation of a suspicious paratracheal lymph node. This 
prompted ipsilateral para- and pretracheal lymph node dissection, yielding two 
small metastatic lymph nodes (maximal diameter 8 mm) out of eight nodes that 
were removed. The finding of the largest node being palpable intraoperatively in 
this case would technically upstage the disease to the “higher-risk” nodal disease 
category as defined by Randolph et al. [6], but the relatively small size and number 
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of involved nodes and negative pre- and postoperative imaging would be more sug-
gestive of a lower-risk nodal disease. The inherent limitations of accuracy of intra-
operative detection of nodal disease in the central neck [7, 8], and the lack of data 
on independent prognostic significance of this finding, are important considerations. 
The risk stratification of this case was largely based on the number, size, and levels 
of involved lymph nodes, in the context of the patient’s young age, the absence of 
an adverse histologic subtype, the lack of extrathyroidal extension or vascular inva-
sion of the primary tumor, and negative postoperative ultrasound imaging of the 
neck. Diagnostic I-123 scanning was not available at the treating institution, and 
I-131 pretherapy scans were generally not employed in the treating institution. 
However, there are some data suggesting that such imaging may be helpful in evalu-
ating disease status and other relevant variables, in patients being considered for 
RAI remnant ablation or treatment [32, 33]. The addition of single-photon emission 
computed tomography–computed tomography (SPECT-CT) to iodine radioisotope 
planar imaging may provide additional information, clarifying the structural corre-
lates of areas of increased uptake [34]. If an interfering thyroglobulin antibody were 
not present, measurement of serum thyroglobulin, either stimulated (by recombi-
nant human thyrotropin or thyroid hormone withdrawal) thyroglobulin could be 
helpful [35]. Ibrahimpasic et  al. have also suggested that an unstimulated thyro-
globulin <1 ng/ml in select low- and intermediate-risk papillary thyroid cancer after 
total thyroidectomy is a positive prognostic factor and have questioned the benefit 
of radioactive iodine treatment in this context based on retrospectively collected 
data from the Memorial Sloan Kettering Cancer Center [36]. The potential strengths 
and limitations of various postsurgical diagnostic test options for patients being 
considered for RAI remnant ablation or therapy are weighed in the most recent ATA 
guidelines on the management of thyroid nodules and differentiated thyroid cancer 
in adults [37].

The patient was counseled on disease prognosis, risks, benefits, and evidence 
uncertainties relating to RAI treatment in the context of her disease stage. Follow-up 
implications, including the limitation of biochemical follow-up in the presence of 
thyroglobulin antibodies, were also explained. The patient ultimately declined RAI 
treatment, reiterating her general opposition to “radiation” and indicating that the 
available evidence was not sufficiently convincing, in terms of reducing the risk of 
dying of thyroid cancer or developing distant metastatic disease in her situation. She 
was less concerned about the potential for local-regional recurrence and understood 
the possibility of needing additional surgery in the event of a recurrence. The patient 
agreed to close surveillance by ultrasound imaging of the neck and measurement of 
thyroglobulin and thyroglobulin antibody levels, with the intention of accepting 
additional treatment in the event of disease recurrence. She also accepted initial 
thyroid hormone suppressive treatment, with the intention of suppressing TSH to 
levels <0.1 mIU/L. In subsequent years, given the absence of structural recurrence 
of disease, despite of a borderline detectable thyroglobulin antibody, the goal TSH 
was modified to 0.1–0.5  mIU/L, in keeping with concurrent clinical practice 
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guideline recommendations [37]. Serial neck ultrasounds have been completely 
negative for disease.

The thyroglobulin antibody positivity at the time of diagnosis was consistent 
with the pathologic evidence of Hashimoto’s thyroiditis. The baseline thyroglobulin 
antibody titer (97 IU/L) decreased by 67% within 10 months following surgery and 
continued to slowly decrease to undetectable or borderline detectable levels over the 
next 10 years (i.e. 21 IU/L with a detection limit of 20 IU/L approximately 10 years 
after thyroidectomy). The serum thyroglobulin measurements remained undetect-
able over the next 10 years, using a high-sensitivity thyroglobulin assay in most 
recent years (i.e., level < 0.1 ng/dl). The patient was maintained on mild thyroid 
hormone suppressive therapy, keeping the TSH 0.1–0.5 mIU/L with normal free 
thyroxine levels in most recent years (TSH 0.42 mIU/L at last measurement). The 
continuing presence of thyroglobulin antibody has been reported to be associated 
with the presence of residual disease [38, 39]. However, a decrease in thyroglobulin 
antibody titers of ≥50% in the first postoperative year after total thyroidectomy is 
associated with a risk of disease recurrence or persistence of 0–2% [38, 39]. 
Furthermore, Tsushima et  al. reported that in a multivariable model adjusted for 
other relevant prognostic factors, a thyroglobulin antibody reduction of <50% from 
baseline or rise in this measurement over 1–2 years following thyroidectomy was 
independently associated with significantly increased risk of recurrence in lymph 
nodes [40].

Spencer and Fatemi have proposed a classification system for thyroglobulin anti-
body trends during long-term follow-up of papillary thyroid cancer, including the 
following categories: (a) falling thyroglobulin antibody trend (>50% reduction from 
initial value, associated with <3% risk of recurrence), (b) stable but significantly 
elevated thyroglobulin antibody (<50% change from initial value, approximately 
20% risk of disease recurrence), and (c) rising thyroglobulin antibody trend (pro-
gressive, sustained rise in thyroglobulin antibody of >50% from initial value, 
approximately 40% risk of disease recurrence) [41]. It is important to note that the 
time to disappearance of thyroglobulin antibodies after total thyroidectomy may be 
increased in the presence of higher baseline levels of thyroglobulin antibodies and a 
higher degree of lymphocytic infiltration noted at thyroidectomy specimen [42]. 
Our patient continues to be followed, but as of 10 years after her thyroidectomy 
(with no radioactive iodine treatment), she has had no evidence of structural disease 
on ultrasound imaging, and her thyroglobulin antibodies are consistently either 
undetectable or within the coefficient of variability of the border of the detection 
limit of our assay (detection limit 20 mIU/L); there has been no change in her unde-
tectable thyroglobulin levels, even with the availability of a more sensitive assay in 
recent years. In follow-up visits, she asserts that she is satisfied and she made the 
right choice for her, relating to not taking RAI, and she is highly compliant with 
close surveillance and TSH suppressive therapy (with a current goal TSH of 
0.1–0.5 mIU/L).
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Clinical Pearls/Pitfalls
• The risk of recurrence of patients with papillary thyroid carcinoma who 

have nodal metastases is dependent on factors such as the size, number, 
and presence or absence of extranodal extension of involved nodes and 
patient age, in addition to consideration of other disease features.

• Lymph node metastases are not uncommon in patients with PMC.
• The risk of disease recurrence or persistence in node-positive patients with 

papillary thyroid microcarcinoma is variable; however, some of the lowest 
recurrence rates in this group appear to be in patients with relatively low- 
volume nodal disease confined to the central neck, in the absence of other 
adverse prognostic features or clinically detectable disease 
preoperatively.

• There is important uncertainty as to whether adjuvant RAI treatment sig-
nificantly impacts the risk of disease recurrence in node-positive PMC 
patients, particularly for lower-risk (low-volume central neck) nodal dis-
ease. The existing evidence base on this topic is largely based on reports 
from retrospective studies where the extent of nodal involvement or other 
important confounders were not accounted for in the analysis. Results of 
ongoing randomized controlled trials of radioactive iodine treatment in 
low- and intermediate-risk papillary thyroid cancer will inform future dis-
ease management (43, 44).

• Thyroglobulin antibodies interfere with thyroglobulin interpretation, but 
monitoring changes in antithyroglobulin antibody titers, in conjunction 
with structural imaging, may be helpful in disease surveillance.

• Patient preferences are important to consider in RAI decision-making, 
especially when there is conflicting or unclear evidence of long-term out-
come benefit in the body of existing observational evidence. Long-term 
randomized controlled trials are needed to clarify the role of RAI treatment 
in low-volume central neck nodal disease.
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Chapter 10
A Patient with a Large Minimally Invasive 
Follicular Thyroid Cancer

Jina Kim, Wen T. Shen, and Julie Ann Sosa

 Case Presentation

A 42-year-old woman with a history of multinodular goiter was noted to have a 
progressively enlarging right thyroid nodule. She was asymptomatic and biochemi-
cally and clinically euthyroid. Thyroid ultrasound demonstrated a right solid, 
isoechoic thyroid nodule with smooth margins and no echogenic foci (intermediate 
suspicion according to the American Thyroid Association guidelines, TR3 accord-
ing to the Thyroid Imaging Reporting and Data System), measuring 
3.5  ×  3.0  ×  2.0  cm. Fine-needle aspiration demonstrated a follicular neoplasm 
(Bethesda category IV). Molecular testing was not performed. There was no evi-
dence of cervical lymphadenopathy on ultrasound. A right thyroid lobectomy was 
performed.

 Epidemiology

Follicular thyroid cancer (FTC) is a differentiated thyroid cancer that represents 
approximately 10% of all thyroid malignancies in the United States [1]. Since the 
1970s, the overall incidence rate of FTC has increased by 0.6% per year. Between 
2000 and 2006, the FTC incidence rate saw the greatest increase by 6.0% per year. 
More recently, between 2006 and 2013, the FTC incidence rate has decreased by 
3.0% per year [1].
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Iodine deficiency and obesity have been identified as risk factors for the develop-
ment of FTC. Compared to the United States, which is considered an iodine-replete 
area, iodine-deficient regions have observed a higher incidence of FTC [2]. In a 
meta-analysis of adiposity and thyroid cancer, obesity (BMI ≥ 30 kg/m2) was found 
to confer a 61% increased risk of FTC compared to matched patients of normal 
weight [3].

 Staging

As a differentiated thyroid cancer, FTC is staged based on the same staging systems 
as papillary thyroid cancer (PTC). In 2018, the 8th edition of the American Joint 
Committee on Cancer (AJCC)/tumor-node-metastasis (TNM) cancer staging sys-
tem was introduced into clinical practice. Three important differences between the 
7th and 8th editions of the AJCC/TNM system for differentiated thyroid can-
cer were:

• The threshold age for prognostic staging increased from 45 years to 55 years. 
While the 7th edition used 45 years of age as the cutoff to designate patients who 
were at higher risk of dying from thyroid cancer, the 8th edition increases the 
threshold to 55 years.

• Minor extrathyroidal extension on histological examination no longer affects T 
stage or overall stage.

• N1 disease is now stage II (rather than stage III) for patients ≥55 years of age. 
Previously, in the 7th edition, N1 disease was at least stage III for patients 
≥45 years of age.

With these changes, a significant number of patients with FTC were downstaged 
to better reflect their low risk of dying from thyroid cancer. By providing a more 
accurate assessment of the risk of mortality related to thyroid cancer, the authors 
expect these changes to reshape treatment patterns, such as extent of thyroid surgery 
and/or need for radioactive iodine therapy [4]. The 8th edition of the AJCC/TNM 
staging system has been validated specifically for FTC in small retrospective studies 
[5, 6]. For example, in a 2018 retrospective European study of 164 patients with 
FTC, the 8th AJCC/TNM staging system was a better predictor of overall survival 
and disease-specific survival for FTC compared to the 7th edition [5].

In addition to the AJCC/TNM system, histologic characteristics also provide 
important prognostic information for FTC. In 2017, the World Health Organization 
changed the histological subclassification of FTC to more accurately reflect the risk 
of mortality and recurrence associated with FTC [7]. The new histological subclas-
sification is discussed in the next section.
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 Histology

FTC is characterized by the absence of nuclear features of PTC and the presence of 
capsular and/or vascular invasion. Therefore, histologic rather than cytologic evalu-
ation of tumors is mandatory to discern between malignant lesions and benign ade-
nomas [8, 9]. Traditionally, FTC was classified as either minimally invasive or 
widely invasive based on the presence of vascular or capsular infiltration [9]. In 
2017, the WHO modified classification of FTC into three groups based on the 
degree of invasion: minimally invasive FTC (miFTC), encapsulated angioinvasive 
FTC (eaFTC), and widely invasive FTC (wiFTC) [7].

• miFTC includes tumors with invasion of the tumor capsule only, without vascular 
invasion (Fig. 10.1). However, there is no consensus around the definition of cap-
sular invasion. Some consider even a focal extension into the capsule to be diag-
nostic for malignancy [10, 11]. This diagnosis is made more difficult by the 
potential for disruption of the nodule at the time of FNA, by an intraoperative 
disruption of the capsule during thyroidectomy, or pathologic artifacts; all of these 
factors may be difficult to distinguish from neoplastic capsular invasion. Hence, 
the integrity of the tumor capsule is fundamental to allow proper diagnosis [12].

Fig. 10.1 Follicular thyroid cancer with capsular invasion only is considered minimally invasive. 
Arrows show the area of invasion through the capsule, forming a characteristic “mushroom” 
(H&E, × 400)
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• eaFTC includes tumors with any evidence of vascular invasion (Fig. 10.2). Even 
a single focus of angioinvasion assigns the tumor as eaFTC [13, 14].

• wiFTC includes tumors with gross invasion of the thyroid gland and extrathyroi-
dal tissues, often with extensive vascular invasion.

The recent modifications to both the WHO classification and the AJCC/TNM 
staging system reflect the dynamic conversation among experts to better define 
prognosis in FTC. In the future, molecular testing may be another mechanism to 
provide prognostic information in FTC. Our current understanding of the molecular 
characteristics of FTC is discussed next.

 Molecular Characteristics of FTC

RAS mutations are markers for follicular-type thyroid lesions (follicular adenomas, 
follicular thyroid cancer, non-invasive follicular thyroid neoplasm with papillary- 
like nuclear features [15–17]). Two prior meta-analyses have found RAS mutations 

Fig. 10.2 Follicular thyroid cancer that demonstrates any vascular invasion is considered an 
encapsulated angioinvasive follicular thyroid cancer based on the 2017 World Health Organization 
classification. Thin arrow shows tumor attachment to the vessel wall, and thick arrow shows the 
vascular space (H&E, × 100)
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to be more common in FTC (frequency of 25–27%) and relatively rare in PTC (fre-
quency of 5–6%) [18, 19]. The RAS gene encodes three isoforms (NRAS, HRAS, and 
KRAS), which are ultimately involved in mediating cell differentiation and prolif-
eration [20, 21]. HRAS mutations are associated with the greatest risk of cancer 
[22]. It has been proposed that RAS mutation predisposes differentiated cancers to 
dedifferentiation, and therefore, RAS-positive follicular adenomas are precursors to 
RAS-positive FTC and possibly follicular variant of PTC [23].

The PAX8/PPARγ rearrangement is a fusion of the PAX8 gene and the peroxi-
some proliferator-activated receptor (PPARγ) gene. It is present in 30–35% of con-
ventional FTC and in 2–13% of follicular adenomas [24, 25]. Follicular tumors with 
PAX8/PPARγ rearrangements often have invasion, and therefore, detection of this 
rearrangement should compel a thorough investigation for vascular and/or capsular 
invasion in the tumor [24, 26]. Tumors with PAX8/PPARγ rearrangement do not 
have RAS mutations, which suggests that two separate biological pathways may 
contribute to the development of FTC [16].

In light of the new 2017 WHO classification of FTC, Nicolson et al. performed 
whole-exome sequencing of 12 miFTC, 17 eaFTC, and 10 wiFTC to compare 
genetic makeup of these histopathologically different forms of FTC. Of this cohort, 
20.5% had a RAS mutation, and there was a trend toward more mutations observed 
in eaFTC and wiFTC, although these were not statistically significant findings. 
Higher mutation burden was associated with worse survival, independent of histo-
pathological classification. The authors propose that the longer a tumor is present, 
the more likely it is to accumulate mutations and become more aggressive, rather 
than acquiring a single specific genetic alteration conferring compromised progno-
sis [27].

 miFTC

Compared to more invasive subtypes of FTC, miFTC has been shown to have favor-
able outcomes with low risk of disease-related mortality. This understanding of the 
behavior of miFTC has guided management recommendations. However, studies 
from the United States and Japan have been conflicting [14, 28–31].

One of the earliest studies on the outcomes of patients with FTC was a review of 
72 patients at the Mayo Clinic in 1992: 20 patients had capsular invasion only, and 
45 patients had vascular invasion, with or without capsular invasion. After a median 
follow-up of 11 years, 10-year cause-specific mortality was 0% for patients with 
capsular invasion and 28% for patients with vascular invasion (p  =  0.019); the 
10-year rates of development of distant metastases were 0% and 19%, respectively 
(p = 0.052). This suggests that patients with FTC and only capsular invasion (the 
equivalent of the current definition of miFTC) represent a subgroup of patients that 
have excellent outcomes and therefore can be managed less aggressively [14].

In a 2011 study by O’Neill et al., 124 patients with FTC were compared in three 
groups: miFTC, miFTC with vascular invasion, and wiFTC.  Overall, the 
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disease- free survival rate was 85% at a median follow-up of 40 months, but disease-
free survival differed significantly among the groups. Disease-free survival was 
97% for the miFTC group, 81% for the miFTC with vascular invasion group, and 
46% for the wiFTC group. Only patients aged <45 years with miFTC (no vascular 
invasion) had 100% disease-free survival, suggesting that thyroid lobectomy alone 
may be sufficient in these patients and that total thyroidectomy (with or without 
radioactive iodine ablation [RAI]) should be performed in all other patients with 
FTC [28].

In a 2000–2009 retrospective study from the Surveillance, Epidemiology, 
and End Results (SEER) database, a total of 1200 patients with miFTC and 4208 
with wiFTC were identified. miFTC tumors were less likely than wiFTC tumors 
to involve lymph nodes (0.9 vs. 3.6%; p < 0.001) and metastasize (0.5 vs. 8.9%; 
p < 0001). At last follow-up, a significantly greater proportion of patients with 
miFTC were alive (96.8 vs. 86.5% with wiFTC; p < 0.001). Of particular inter-
est was that only two miFTC patients died of disease-specific causes (disease-
specific survival rate, 99.8%), compared to a disease-specific survival rate of 
94.8% in patients with wiFTC (p < 0.001). The overall survival rate of patients 
with miFTC was found to be comparable to that of the general US popula-
tion [29].

In contrast, other studies  – albeit from single centers  – have suggested that 
miFTC has a higher rate of metastasis and is associated with compromised patient 
survival [30–33]. In a 2012 retrospective, single-center study of 251 Japanese 
patients diagnosed with miFTC from 1989 to 2006, Sugino et al. found a compro-
mised cause-specific survival of 95.2, 89.5, and 84.5% at 10, 15, and 20  years, 
respectively [31]. Distant metastases were identified in 54 patients (22%), including 
22 patients (8.8%) with metastases identified at the time of initial surgery. In a sub-
sequent 2014 study, Sugino et al. focused on the outcomes of miFTC patients who 
had a completion thyroidectomy at their institution. Of 324 patients who underwent 
thyroid lobectomy for miFTC, 101 patients underwent completion thyroidectomy 
within 6 months of initial surgery, and 81 patients had radioiodine ablation. The 
remaining patients did not undergo further treatment. Distant metastasis-free sur-
vival rates were 85.5, 75.2, and 73.5% at 10, 15, and 20 years, respectively. On 
multivariable analysis, lack of completion thyroidectomy was independently asso-
ciated with compromised distant metastasis-free survival (odds ratio 2.93, 95% con-
fidence interval [CI] 1.16–8.95, p = 0.0222) [30]. These data – albeit from a single 
institution  – would support performing completion thyroidectomy for patients 
with miFTC.

Unfortunately, these data on the prognosis of miFTC do not reflect the 2017 
WHO classification schema, which means that the study cohort may include those 
who have eaFTC based on current definitions. Moving forward, as clinicians and 
researchers differentiate between miFTC and eaFTC, we may be able to provide 
more accurate prognostic information for miFTC.

J. Kim et al.



87

 Treatment of miFTC

Although the optimal management of low-risk tumors like miFTC remains contro-
versial, many support thyroid lobectomy (with or without isthmusectomy) as ade-
quate treatment for miFTC based on the low rate of metastatic disease and mortality 
[14, 34–36]. A 2014 consensus report on miFTC by the European Society of 
Endocrine Surgeons (ESES) recommended that thyroid lobectomy be performed for 
miFTC with capsular invasion at diagnosis, without vascular invasion, without any 
lymph node or distant metastases, tumors <4.0 cm, and in patients <45 years [37]. 
Candidates for total thyroidectomy are patients ≥45  years, tumor size ≥4.0  cm, 
vascular invasion, and presence of lymph node or distant metastases. 
Lymphadenectomy was considered only when clinical evidence of lymph node 
metastasis was present. ESES also recommended RAI when criteria for total thy-
roidectomy were met and if recurrence was observed on follow-up. However, as 
with the prognostic information related to miFTC, these recommendations may 
serve a limited role since they predate the 2017 WHO histologic reclassification and 
introduction of the 2018 AJCC/TNM staging system.

Despite recommendations for a more conservative approach toward miFTC, a 
recent US study shows that miFTC remains aggressively treated. In a 2010–2011 
National Cancer Data Base study of 617 patients, the rate of total thyroidectomy 
was similar for miFTC with vascular invasion compared to miFTC with capsular 
invasion only (72.9 vs. 75.1%, p  =  0.537). RAI was administered to 52.6% of 
patients with miFTC with capsular invasion only and to 62.1% of patients with 
miFTC with vascular invasion (p = 0.017) [38].

 Lymph Node and Distant Metastases in miFTC

Compared to PTC, lymph node metastases are less common in FTC and occur in 
fewer than 5% of miFTC cases [14, 31, 37, 39, 40]. While the authors of the 2014 
ESES consensus report found no difference in miFTC outcomes based on lymph 
node metastases, some studies have demonstrated that the presence of lymph node 
metastases portends compromised survival for FTC in general [40–43]. For exam-
ple, in a study of the 1988–2003 Surveillance, Epidemiology, and End Results data-
set, lymph node metastases occurred in 2% of FTC patients (compared to 22% of 
PTC patients). Lymph node metastasis in FTC was associated with increased risk of 
death, regardless of age (hazard ratio [HR] 11.23, 95% CI 2.44–61.69, p = 0.002 for 
age <45 years; HR 2.86, 95% CI 1.71–4.78, p < 0.001 for age ≥ 45 years) [40]. On 
the other hand, lymph node involvement in PTC was associated with increased risk 
of death only for patients ≥45 years, suggesting nodal involvement may carry dif-
ferent prognostic value for FTC and PTC.  This difference remains to be fully 
elucidated.
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Currently, lymph node management for miFTC should follow guidelines for 
DTC. According to the 2015 ATA guidelines for DTC, prophylactic lymphadenec-
tomy is not indicated for small, clinically node-negative PTC and for most 
FTC. Therapeutic central and/or lateral compartmental neck dissection is indicated 
for patients with clinical evidence of nodal disease by physical exam or preoperative 
imaging and cytology [44]. RAI should be administered postoperatively for patients 
with regional nodal metastases [44].

On the other hand, FTC is more likely to present with distant metastases than 
PTC, and even miFTC cases may present with or develop distant metastases [32, 45, 
46]. Based on retrospective data, approximately 10% of patients with miFTC will 
have distant metastases at the time of presentation [31, 47].

For miFTC with distant metastases, treatment should begin with total thyroidec-
tomy to allow for total body I-131 scanning [48]. RAI is then used after total thy-
roidectomy if distant metastases are detected [37]. For single resectable metastases, 
surgical resection may be considered. Chemotherapy or external beam radiation can 
also be used. In a retrospective, single-center study of 251 Japanese patients with 
miFTC, 8.8% had distant metastases at the time of initial surgery, and 21.5% of 
patients were diagnosed with distant metastases within a median follow-up time of 
90 months. The lung and bone were the most common sites of metastases. While 
57% of patients demonstrated radioiodine uptake in their metastases on scintigra-
phy, complete response to RAI was seen in only one patient and partial response in 
two patients. The other patients had stable or progressive disease [31].

 Molecular Characteristics of miFTC

Beyond histopathological observations and clinical outcomes, more recent studies 
have evaluated various molecular analyses that may help to predict aggressiveness 
in miFTC. Investigators have examined frequency of allelic loss as well as altera-
tions in gene, RNA, and protein expression in miFTC in efforts to better character-
ize malignant potential of miFTC.

Hunt et  al. assessed a panel of ten tumor suppressor genes (L-MYC, CMM, 
hOGG1, VHL, APC, MCC, MTS1/p16, pTEN, p53, and NF2) to study loss of het-
erozygosity mutations, with the hypothesis that genotyping follicular-derived thy-
roid neoplasms may predict histologic FTC aggressiveness [49]. Despite a limited 
sample size (8 follicular adenomas, 5 miFTC, and 5 wiFTC), the authors found that 
the frequency of allelic loss (FAL) did correlate with histologic aggressiveness: fol-
licular adenomas had a FAL of only 9%, compared with a FAL of 30% for miFTC 
and 53% for wiFTC. In another study, Lubitz et al. found that while many miFTCs 
were genetically similar, miFTC had 223 differently expressed genes compared to 
follicular adenomas and 365 differently expressed genes compared to wiFTC [50].

In a 2016 study, Ito et al. investigated the utility of Ki-67 labeling index (LI) 
≥5% in predicting miFTC recurrence. Ki-67 immunostaining was used on 
formalin- fixed, paraffin-embedded tissues from 192 patients with miFTC. Patients 
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with higher Ki-67 LI had worse disease-free survival, compared to patients with 
low Ki-67 LI.  On multivariable analysis, Ki-67 LI ≥5% was associated with a 
higher risk of disease recurrence (HR 6.061, 95% CI 1.263–29.412, p = 0.0243) 
[51]. This analysis suggests that Ki-67 LI may be used as a prognostic indicator 
in miFTC.

The utility of long non-coding RNA H19 expression as a prognostic indicator has 
also been studied in miFTC. Aberrant expression of RNA H19 has been associated 
with tumor progression in prior studies [52, 53]. In a study of 186 patients with 
miFTC, total microRNA was isolated from frozen tissues, and quantitative reverse 
transcription PCR was performed to determine expression levels of H19. Patients 
with lower H19 expression had a mean overall survival of 89 months, while those 
with higher H19 expression had a mean overall survival of 166 months [54].

Molecular analysis is a relatively new, dynamic area of research that may ulti-
mately help us to better understand FTC [55]. Already, recent changes in the staging 
system and histologic classification reflect efforts to provide more accurate prog-
nostic information related to FTC. In the future, the combination of clinical, histo-
pathological, and molecular characteristics of miFTC may provide better information 
regarding the malignant potential of miFTC and allow clinicians to personalize 
treatment for patients.

 Back to the Case

Surgical pathology demonstrated a unifocal, well-differentiated 3.4  cm follicular 
cancer with a single area of capsular invasion, consistent with a minimally invasive 
follicular thyroid cancer. The patient received no further surgery or adjuvant ther-
apy. Planned surveillance includes neck ultrasound and serum TSH and thyroglobu-
lin levels after 6 months and then periodically, depending on the patient’s risk for 
recurrent disease and thyroglobulin status.

Clinical Pearls
• In 2017, the World Health Organization modified classification of FTC 

into three groups: minimally invasive follicular cancer, encapsulated 
angioinvasive FTC, and widely invasive follicular thyroid cancer.

• Compared to wiFTC, miFTC portends a more favorable prognosis, with a 
disease-specific survival rate of 99.8% in the United States.

• Extent of surgery remains controversial for miFTC, but thyroid lobectomy 
is recommended for tumors with only capsular invasion at diagnosis, with-
out vascular invasion, without lymph node or distant metastases, tumors 
<4.0 cm, and in patients <45 years, according to the 2014 consensus report 
from the European Society of Endocrine Surgeons.
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Chapter 11
An Adolescent with Papillary Thyroid 
Carcinoma and Locally Metastatic Disease 
but No Distant Metastases

Sarah J. Bottomley and Steven G. Waguespack

 Introduction

Papillary thyroid carcinoma (PTC) is the most common type of thyroid cancer in the 
pediatric population, representing 90% or more of cases in patients ≤18 years of 
age. Children with PTC are more likely than adults to present with regional lymph 
node involvement and extra-thyroidal extension. Despite often having advanced 
cervical disease at presentation, young patients have very favorable outcomes with 
long-term survival decades after diagnosis being the norm. The management of 
lymph node metastases is primarily surgical, and the role of radioactive iodine 
(RAI) in the treatment of cervical disease in children is diminishing.

 Case Presentation

A 17-year-old female was found by her primary care provider to have a palpable 
right thyroid mass. She had no known personal risk factors for thyroid cancer, such 
as prior radiation exposure or family history, and was clinically and biochemically 
euthyroid. Neck ultrasound revealed a dominant solid nodule in the right lobe mea-
suring 3.5 × 2.1 × 2.4 cm; cervical lymph nodes were not interrogated. The patient 
was seen by a local general surgeon, who performed a right thyroid lobectomy 
without a preoperative fine-needle aspiration biopsy (FNAB). Pathology revealed a 
T2N0Mx (AJCC 8th edition) PTC, classical subtype, with focal angioinvasion and 
positive surgical margins. There was one small lymph node adjacent to the gland 
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that was negative for malignancy. Three days later the patient underwent a comple-
tion thyroidectomy and a central neck dissection by the same surgeon. The left lobe 
of the thyroid was without evidence of disease, and, in the central compartment, 
16/26 lymph nodes (overall sizes ranging from 0.2 to 1.5 cm; no extranodal exten-
sion) were positive for PTC.

The patient presented to a tertiary cancer center for further evaluation. Neck US 
revealed a suspicious, 1.3 cm right level IV lymph node (Fig. 11.1a) that was posi-
tive for PTC on FNAB. Because the patient was already hypothyroid, a 123I thyroid 
scan and a stimulated (TSH 86 mU/L) thyroglobulin (Tg) level were obtained after 
the patient followed a strict low-iodine diet for a week. There was uptake identified 
in the thyroid bed, but no lateral cervical uptake was seen (Fig. 11.1b). The stimu-
lated Tg was 2.0 ng/ml with a concomitant Tg antibody that was mildly positive 
(46 IU/ml; normal ≤40). Despite the negative 123I thyroid scan, the results of the US, 
FNA, and Tg and a pre-surgical CT neck were consistent with persistent neck dis-
ease. Therefore, a bilateral paratracheal, superior mediastinal, and right lateral 

a

c

b

Fig. 11.1 A 17-year-old female with a locally metastatic PTC presented for further evaluation at 
a tertiary cancer center after having already had two surgeries by a general surgeon. Cervical ultra-
sonography revealed a suspicious, 1.3 cm right level IV lymph node (a, arrow), which was proven 
to be PTC after fine-needle aspiration biopsy. Despite the presence of residual lymph node disease, 
there was no indication of iodine-avid lateral neck metastases on a diagnostic 123I thyroid scan (b). 
Preoperative contrast-enhanced CT also identified a suspicious lymph node in the right tracheo-
esophageal groove (c, arrow), which was resected and proven to be PTC. Subsequent to her third 
surgery, the patient had no evidence of residual PTC, and she remains disease-free 7 years after her 
last surgery
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comprehensive neck dissection of levels 3, 4, and anterior 5 was undertaken, and 
pathology revealed 8/26 lymph nodes positive for PTC (overall sizes ranging from 
0.1 to 1.6  cm; no extranodal extension); the tumor was negative for the BRAF 
V600E mutation. The right central compartment was re-explored because a preop-
erative contrast-enhanced CT neck suggested an abnormal lymph node in the right 
tracheoesophageal groove (Fig.  11.1c); on pathology, a single right paratracheal 
lymph node (0.5 cm; no extranodal extension) was positive for PTC.

 Assessment and Literature Review

Thyroid cancer is rare in the pediatric population, but the incidence appears to be 
increasing, especially in adolescents, who represent the most commonly affected 
pediatric age group. In fact, thyroid cancer is the most prevalent cancer in older 
children and young adults, constituting 14% of all malignancies diagnosed at the 
ages of 15–19 years [1]. PTC is the most common type, accounting for 90% or more 
of childhood thyroid cancers, followed by follicular and, more rarely, medullary 
thyroid carcinomas. Primary risk factors for the development of thyroid cancer in 
children include thyroidal exposure to radiation and a family history of thyroid 
malignancy [2], but in reality, few children with differentiated thyroid cancer have 
a clearly identified risk factor.

PTC is frequently multifocal and bilateral, and, in children, regional lymph node 
metastases occur in up to 80% of cases [3–10]. Patients with a significant volume of 
cervical disease are at the highest risk of hematogenous lung metastases [5, 6], 
which occur in up to 25% of pediatric cases in some series [3, 5, 7, 11–16]. Despite 
more extensive disease at presentation, pediatric PTC is biologically distinct from 
PTC diagnosed in older adults. Children and young adults up to age 21 diagnosed 
with PTC have an extremely low disease-specific mortality (2% or less decades 
after diagnosis) [11, 14, 16–23]. This excellent prognosis, coupled with unique con-
cerns regarding the possible long-term sequelae related to overzealous treatment 
during childhood, makes the management of pediatric PTC challenging. In 2015, 
formal guidelines for the management of pediatric PTC were published by the 
American Thyroid Association (ATA) [24]. Other available guidelines include those 
developed by the Polish National Societies [25].

Over the last few decades, the molecular pathogenesis of PTC has become better 
understood [26]. In pediatric PTC, chromosomal rearrangements involving the 
REarranged during Transfection (RET) proto-oncogene and the neurotrophic tyro-
sine receptor kinase (NTRK) genes (NTRK1/3) are the most common molecular 
events [27–34]. Although not as common as in adults, mutations in the v-raf murine 
sarcoma viral oncogene homolog B (BRAF) gene (namely, the BRAFV600E point 
mutation) are also prevalent in childhood PTC [10, 27–30, 32–38]. Knowledge 
regarding tumor genotype may inform the expected clinical course and response to 
RAI. For example, the BRAFV600E mutation results in constitutive activation of the 
mitogen- activated protein kinase pathway and downregulates the expression of 
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genes involved in iodine metabolism, which has implications for disease respon-
siveness to therapeutic RAI [26, 39].

Children with PTC typically present with a palpable thyroid nodule and/or overt 
cervical lymphadenopathy [3, 4], which is not uncommonly treated with an antibi-
otic before the diagnosis of PTC is recognized. The initial workup of newly diag-
nosed or suspected PTC should include a comprehensive neck US (to include the 
lateral cervical lymph nodes) by an experienced ultrasonographer. US-guided 
FNAB in children is a highly sensitive and specific tool for the diagnosis and man-
agement of PTC; therefore, it is recommended in all children to confirm the diagno-
sis. FNAB of suspicious lymph nodes is essential for planning the appropriate 
surgical approach, which is the mainstay of therapy in pediatric PTC [24].

Contemporary guidelines recommend that children with PTC be cared for at 
centers where there is multidisciplinary expertise in the management of pediatric 
thyroid cancer. It is always preferred that surgery be performed by a high-volume 
thyroid surgeon [24, 40], defined in previous studies as a surgeon who performs 30 
or more cervical endocrine procedures annually in adults and children [41], because 
the rate of permanent complications in children treated for thyroid cancer can be as 
high as 32% [42]. As anticipated, postoperative hypoparathyroidism is more likely 
to occur after a central neck dissection [42–44]. Most pediatric patients with PTC 
will require a total thyroidectomy (TT) with or without a compartment-oriented 
neck dissection. The type of surgery planned is based on the results of preoperative 
neck ultrasonography and FNAB.  Additionally, cross-sectional imaging, using 
either a contrast-enhanced CT or MRI of the neck, is recommended for those with 
fixed thyroid masses, vocal cord paralysis, or bulky lymphadenopathy [2, 24, 25]. 
Although the use of iodinated CT contrast will delay the immediate postoperative 
evaluation and treatment with RAI, it is considered the optimal diagnostic study to 
inform the surgeon about the extent of cervical disease and its anatomic relationship 
with critical aerodigestive structures.

Numerous studies have shown that the extent of the initial surgery is the single 
most important factor for improving long-term disease-free survival, with more 
comprehensive surgery decreasing or eliminating the need for additional surgery 
and decreasing the risk of recurrence [6, 9, 14, 15, 17, 45, 46]. However, most previ-
ous studies are confounded by the routine use of RAI, so additional research is 
required in the contemporary era of PTC treatment in children, currently character-
ized by improved preoperative staging (leading to more appropriate initial onco-
logic surgery) and less utilization of adjuvant RAI therapy. Current guidelines 
recommend a central neck dissection (CND) in children who have gross extrathy-
roidal invasion and/or locoregional metastasis identified either pre- or intraopera-
tively [24, 25]. Comprehensive lateral neck dissection is recommended in those 
with FNAB-proven lateral neck disease. Patient age, tumor size and focality, vascu-
lar invasion, and the number and location of lymph node disease are some of the 
factors that can help to predict the presence of lymph node disease and the risk of 
persistent/recurrent cancer [10, 47–50]. Greater understanding of these prognostic 
factors may inform future guidelines as related to the optimal upfront surgical 
strategy.
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The role of prophylactic CND in pediatric PTC without imaging evidence of 
lymph node metastases remains controversial. Due to the very high prevalence of 
cervical metastasis in children, prophylactic CND by a high-volume thyroid sur-
geon may be selectively considered based upon tumor size and focality. For patients 
with unifocal PTC, especially tumors >1  cm [10, 51], an ipsilateral CND, with 
pursuit of contralateral CND only if intraoperative findings suggest central com-
partment disease, may help to balance the risks and benefits [24, 48, 52]. In all 
cases, the plan for CND should be driven by the experience of the surgeon, recog-
nizing that lymph node dissection is associated with higher rates of hypoparathy-
roidism and recurrent laryngeal nerve damage [42, 43]. Preservation of parathyroid 
and recurrent laryngeal nerve function is paramount, even if all central neck disease 
is not removed.

The inaugural ATA guidelines introduced a new risk categorization (ATA pediat-
ric low-, intermediate-, and high risk) that helps to identify patients at risk of persis-
tent cervical disease and to determine which patients should undergo more intensive 
postoperative staging [24]. Children with no or incidental, microscopic central 
lymph node disease are considered ATA low risk, with recommendations to monitor 
thyroglobulin (Tg) levels and neck US after the initial surgery. Children with more 
significant central or lateral neck disease are considered ATA pediatric intermediate 
risk (clinical N1a or microscopic N1b disease) or high risk (clinical N1b disease), 
and postoperative staging with a diagnostic RAI scan and a TSH-stimulated Tg is 
recommended to identify persistent locoregional and distantly metastatic disease [2, 
24]. The Polish guidelines suggested a different risk stratification primarily based 
on tumor size and lymph node stage and, in contrast to the ATA guidelines, recom-
mended that RAI be considered in all cases [25].

Children who are found or suspected to have iodine-avid nodal disease may ben-
efit from 131I therapy if the disease is not amenable to further surgery, as determined 
after consultation with a thyroid cancer surgeon. Despite RAI, complete remission 
for cervical disease is seen only in a minority of patients [53]. Children who have 
no scintigraphic or Tg evidence of residual cervical disease or distant metastases are 
unlikely to benefit from routine 131I treatment [2, 24], but further research is needed 
regarding the optimal employment of adjuvant RAI. Nevertheless, clinicians mak-
ing decisions regarding 131I therapy in locally metastatic pediatric PTC should weigh 
the long-term risks of RAI (primarily second malignancies) [17, 19, 53–55] against 
the potential benefits of therapy while recognizing the excellent long-term survival 
in children with PTC regardless of initial therapy [16].

All children with PTC who have had a total thyroidectomy are replaced with 
thyroid hormone, and the goal TSH depends on the initial clinical and pathologic 
staging [2, 24, 25]. In most children with lymph node metastases, the TSH is ini-
tially maintained around 0.1 mU/L, and TSH suppression can eventually be reduced 
in children who have no evidence of disease after a 1–3 year period of follow-up. 
Similar to adults and even when 131I therapy is not used, Tg levels can be used as a 
marker of residual or recurrent disease [56, 57], assuming there are no interfering 
Tg autoantibodies. However, the degree of Tg elevation that correlates to disease is 
not well studied in children, and current Tg cutoffs employed in the care of adults 
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with PTC may not be applicable to young children. In any event, the trend of the Tg 
level over time is more informative than an isolated measurement. Finally, cervical 
US is a highly sensitive clinical tool to identify residual/recurrent PTC, and it is 
recommended at 6–12 month intervals early in the follow-up period and then with a 
frequency based upon the patient’s perceived recurrence risk and clinical concern 
for disease [24, 25]. Dynamic risk stratification, similar to what is employed in 
adults, appears to better prognosticate final disease outcome and allows for a more 
personalized approach to follow-up in pediatric patients [58].

 Back to the Case

Postoperatively, the patient was categorized as ATA pediatric intermediate risk due 
to extensive N1a and minimal N1b lymph node disease. Therefore, postoperative 
restaging was undertaken with a hypothyroid 123I thyroid scan (2.2 mCi/81 MBq) 
and a stimulated Tg, which revealed 0.1% uptake in the right thyroid bed and a 
value of <0.9 ng/ml with an undetectable Tg antibody, respectively. 131I therapy was 
not recommended due to the reassuring data, the unclear benefit of RAI in this 
young patient with an excellent long-term prognosis, as well as the knowledge that 
the previous lateral right neck disease did not concentrate iodine on a 123I diagnostic 
scan, suggesting that RAI would not adequately treat any residual microscopic dis-
ease. Expectant monitoring and mild TSH suppression were recommended, and 
7 years after her third surgery, she remained without evidence of disease based upon 
neck US and non-stimulated Tg and Tg antibody levels, both of which remained 
undetectable.

Clinical Pearls
• In the child presenting with a thyroid nodule, FNAB is safe and effective 

in making a diagnosis of PTC, which in turn allows for the most appropri-
ate surgery (usually total thyroidectomy ± lymph node dissection) to be 
performed at the outset.

• Lymph node metastases are very common in children with PTC and are 
best treated by surgical resection.

• Preoperative staging with a comprehensive cervical US and FNAB of sus-
picious lymph nodes are essential; in addition, contrast-enhanced CT (pre-
ferred) or MRI may help to identify additional sites of disease and clarify 
anatomic relationships, both of which can enhance surgical planning and 
oncologic outcome.

• Comprehensive surgery, including a compartment-oriented lymph node 
resection dictated by imaging results, clinical presentation, and intraopera-
tive findings, should be performed by a high-volume thyroid surgeon.
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Chapter 12
A Patient with Papillary Thyroid Cancer 
and Biochemical Evidence of Possible 
Residual Disease at the One-Year 
Follow-Up Visit

Valeria Ramundo, Sebastiano Filetti, and Cosimo Durante

 Case Presentation

A 54-year-old man with type 2 diabetes and hypertension underwent carotid arterial 
Doppler US assessment as part of a primary cardiovascular prevention program. He 
was referred to our center because of the incidental finding of an asymptomatic nod-
ule in the right lobe of the thyroid. Thyroid and neck US revealed a 2.4 cm hypoechoic 
right thyroid nodule, with irregular margins and suspicion of extrathyroidal exten-
sion. No suspicious lymph nodes were observed. The patient was euthyroid (serum 
TSH level of 1.6 mU/L). Fine-needle aspiration biopsy (FNAB) revealed cytological 
findings suggestive of papillary thyroid cancer (PTC) (Bethesda class V) [1].

A total thyroidectomy was performed, and the surgical pathology showed a 
follicular- variant PTC measuring 2.2 cm without evidence of extrathyroidal exten-
sion or vascular invasion (pT2, N0b – stage 1, according to the AJCC/TNM VIII 
Edition) [2]. According to the 2015 ATA Initial Risk Stratification System, the 
patient’s disease was considered to be at low risk for recurrence [3]. After discuss-
ing these findings with the patient, and the pros and cons of radioactive iodine rem-
nant ablation (RRA), he decided to forego the RAI treatment and to be followed 
with surveillance. The neck US examination performed at the 1-year follow-up visit 
did not reveal evidence of residual tumor nor suspicious lymph nodes. However, 
biochemical evaluation showed serum thyroglobulin (Tg) level of 3.5 ng/mL (nor-
mal after total thyroidectomy <0.2 ng/mL) with a TSH level of 1.1 mU/L and nega-
tive antithyroglobulin antibodies.
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 Literature Review

 What Is the Role of Serum Tg Measurement in Patients Who 
Have Not Undergone Radioiodine Remnant Ablation?

The role played by serum Tg analysis in the postoperative management of patients 
with PTC continues to evolve. Because Tg is produced solely by cells of thyroid 
follicular origin, its presence in the serum of a patient with PTC who has undergone 
thyroidectomy followed by RRA is a highly specific marker of residual or recurrent 
tumor tissue [3, 4]. But, in the growing number of cases in which RRA is omitted 
(i.e., those characterized by a low-to-intermediate ATA risk for recurrence), the 
specificity of assay positivity is lost, since there is no reliable cutoff for distinguish-
ing Tg production by recurrent tumor tissue from that synthesized by nests of nor-
mal thyrocytes left behind after surgery. The specificity has been further diminished 
by the introduction of increasingly sensitive immunometric Tg assays [5]. In the 
past, Tg levels <1 ng/mL were considered “undetectable,” but most assays being 
used today have functional sensitivity limits of 0.2 ng/mL, and second-generation 
assays can detect serum concentrations as low as 0.1 ng/mL. The clinical signifi-
cance of this low-level production is uncertain, and large prospective studies are 
needed to define the cutoff between benign and malignant Tg production.

While the clinical significance of a single positive serum Tg assay is obviously 
uncertain in a non-radioiodine-ablated patient, serial measurements can still pro-
vide valuable information on the likelihood of persistent/recurrent disease [6, 7]. 
Benign production by the normal thyroid remnant is characterized by progressive, 
spontaneous decline over time, and studies of ATA low-risk nonablated populations 
indicate that in well over half (60%) of all cases, unstimulated Tg levels will drop 
below 0.2 ng/mL during the first year after surgery. By 5 years, this subgroup will 
comprise close to 80% of the population [6]. Once these levels have been achieved, 
nonablated patients are on equal footing with their ablated counterparts in terms of 
the diagnostic value of serum Tg assays for detecting persistent/recurrent disease. In 
20% of the low-risk patients studied, however, Tg production declined steadily and 
subsequently plateaued at low but still detectable levels, but this pattern was also 
associated with the absence of structural disease at the end of follow-up (median 
5  years). The single case of recurrence observed in the entire study population 
(n  =  290) was heralded by a progressive rise in previously stable Tg levels [6]. 
Indeed, increasing Tg production (in particular, a Tg doubling time of <1 year) has 
repeatedly emerged as a strong predictor of the presence of locoregional and/or 
distant recurrence, even if RRA has been omitted [8].

Technically speaking, serum thyroglobulin assays should always be calibrated 
against the international CRM457 standard, and serial measurements for a given 
patient should ideally be performed by the same laboratory with the same assay. 
Anti-Tg antibodies should also be quantitatively assessed with each measurement 
of serum Tg [3]. These autoantibodies are present in approximately 25% of all 
patients with differentiated thyroid cancer, and they can cause falsely low or 
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undetectable levels in immunometric assays for Tg [3]. There is no method that can 
reliably eliminate this interference. Radioimmunoassays are advocated by some as 
a less susceptible alternative, but they have limitations of their own (low availability 
and sensitivity and potential for falsely elevated Tg values), and their role in patient 
management is uncertain [3]. Temporal trends in serum anti-Tg antibody titers 
(again, measured with the same assay) have been used to distinguish residual nor-
mal thyroid tissue from recurrent tumor, although they are less precise than serum 
Tg trends [9–12].

 What Is the Role of Neck US or Other Imaging Techniques?

While the results of serum Tg assays in nonablated PTC patients become more 
informative as follow-up progresses, neck US provides valuable information right 
from the start, and it plays an indispensable role in the initial assessment of patients 
during the follow-up, when Tg assay results may be difficult to interpret. Disease 
spread or recurrence almost always begins in the cervical lymph nodes, where it can 
be readily detected by ultrasound imaging, especially after thyroidectomy. 
Sonographic criteria for identifying nodal metastases in the neck are well estab-
lished [13–15], and in experienced hands, neck ultrasound consistently proves to be 
much more sensitive for detecting this type of involvement than diagnostic I131WBS 
[16, 17]. Its negative predictive power is excellent, even with the first preoperative 
scan (3–12 months after surgery), approaching 100% in patients with an ATA low 
risk of recurrence [18]. Its specificity can be improved if suspicious nodes are sub-
jected to fine-needle aspiration biopsy (FNAB) for cytologic confirmation (or 
assessment of Tg levels in the needle washout) [19]. Neck ultrasound examination 
also furnishes important information for surgeons on the location of involved nodes. 
It is important to note that neck ultrasound should ideally be performed only by 
experienced sonography technicians or physicians.

Patients with PTC belonging to low- and intermediate-risk categories, with nega-
tive US findings and unstimulated Tg levels <1 ng/mL at the 1-year follow-up visit, 
can be safely followed with clinical assessments and unstimulated serum Tg deter-
minations. Neck US might be repeated if anti-Tg antibody levels rise or unstimu-
lated Tg levels exceed 1 ng/mL [20].

In the absence of positive neck findings on the ultrasound, distant metastases are 
rare. However, if Tg levels are increasing or the patient has suspicious signs/symp-
toms, the presence of extracervical lesions should be excluded with second-line 
imaging studies. These include both cross-sectional modalities (computed tomog-
raphy or magnetic resonance imaging) and nuclear medicine procedures (WBS and 
2-[18F]fluoro-2-deoxyglucose–positron emission tomography, 18FDG–PET) [3, 
4]. 18FDG–PET findings are also potentially helpful for treatment planning since 
FDG-avid lesions are almost invariably refractory to high-dose radioiodine ther-
apy, and they are associated with very high rates of disease-specific mortality 
[21, 22].
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 What Are the Criteria for the Absence of Persistent Tumor?

According to the 2015 ATA guidelines [3], patients who have undergone RRA can be 
considered disease-free when the following three conditions have been met: (1) the 
absence of clinical evidence of disease, (2) negative imaging studies (i.e., no extra-
thyroidal uptake on the initial postoperative WBS and/or outside the thyroid bed on 
the initial posttreatment WBS, if performed, or, if uptake outside the thyroid bed had 
been present, no imaging evidence of tumor on a recent diagnostic or post- therapy 
WBS) and/or neck US, and (3) serum Tg levels that are <0.2 ng/mL during TSH sup-
pression and <1 ng/mL after stimulation in the absence of interfering antibodies. The 
final criterion cannot be applied to patients in whom RRA has been omitted: the 
persistence of low-level Tg production that exceeds these limits but remains stable 
over time may be indicative of “minimal residual disease,” but it may also stem from 
the normal thyroid remnant. Various subsequent studies proposed different criteria 
and serum Tg thresholds for patients not undergoing RRA: a proposal was included 
in the 2019 Guidelines of the European Society for Medical Oncology [23] 
(Table 12.1). It is important to recall that PTCs are slow-growing tumors and the 
likelihood of distant metastases in the absence of cervical lymph node involvement 
is extremely low. Therefore, if there is no sonographic evidence of neck disease, 
most patients can be safely managed with watchful waiting based on yearly US and 
periodic Tg assays [24]. The risk declines after the first 5 years of follow-up: in an 
Italian cohort, 77% of all recurrences are observed during this interval [25]. 
According to a recent Japanese study, 36.9% of the recurrences were detected in this 
timeframe; however, late recurrences even 10 or more years after initial treatment are 
still possible, particularly in case of risk factors (age ≥ 55 years, male gender, tumor 
size > 4 cm, lymph node metastases, and extranodal extension) [26]. The duration of 
long-term follow-up is not yet defined and should be refined by future studies evalu-
ating the event rate in real-world cohorts, followed using contemporary tools (such 
as ultrasensitive Tg, neck US, cross-sectional and functional imaging).

 Back to the Patient

The possibility of a detectable Tg result at the 1-year follow-up visit had already 
been discussed with the patient when he decided to avoid RRA after total thyroid-
ectomy. When the results were back, the implications of the findings were reviewed 
and management options were discussed. Given the low risk of recurrence and the 
negative sonographic findings, the proposal was made to proceed with follow-up as 
originally planned, with yearly neck US and serum Tg assays, and the patient 
agreed. The imaging findings continued to be unequivocally negative, and the serum 
Tg levels were already lower by the second-year visit. They declined steadily there-
after and dropped below 0.2 ng/mL at the 4-year visit (Fig. 12.1). Five years have 
passed since the thyroidectomy, and the patient remains symptom-free with no evi-
dence of disease.
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Clinical Pearls
• Neck ultrasound is the mainstay of follow-up for PTC patients who have 

not undergone post-thyroidectomy RRA, especially during the first 5 years 
when serum Tg levels may be relatively uninformative.

• In over half of all PTC patients who have not undergone RRA, benign Tg 
production is already undetectable (i.e., <0.2 ng/mL) at the 1-year follow-
 up visit, and the percentage approaches 80% by year 5. For this subset of 
patients, the specificity of a positive serum Tg assay for predicting persis-
tent/recurrent disease is the same as it is in ablated patients.

• Roughly one out of five nonablated patients will have persistent, stable 
low-level production (≥0.2 ng/mL). In the absence of clinical or imaging 
evidence of disease, watchful waiting may be the most appropriate course 
in these cases.

Table 12.1 Responses to treatment categories

Treatments
Responses to 
treatment TT+RRA TT alone Lobectomy

Excellent Negative imaging
AND

Negative imaging
AND

Negative imaging
AND

Undetectable TgAb
AND

Undetectable TgAb
AND

Undetectable TgAb
AND

Tg < 0.2 ng/mL OR
S-Tg < 1 ng/mL

Tg < 0.2 ng/mL Stable Tg levels

Biochemical 
incomplete

Negative imaging
AND

Negative imaging
AND

Negative imaging
AND

Tg ≥ 1 ng/mL OR
S-Tg ≥ 10 ng/mL OR 
Rising TgAb levels

Tg > 5 ng/mL OR
Rising Tg values with 
similar TSH levels OR 
Rising TgAb levels

Rising Tg values 
with similar TSH 
levels OR
Rising TgAb levels

Structural 
incomplete

Imaging evidence of disease (regardless of Tg or TgAb)

Indeterminate Nonspecific imaging 
findings
OR

Nonspecific imaging 
findings
OR

Nonspecific 
imaging findings

Faint uptake in thyroid 
bed on RAI scanning
OR
Tg 0.2–1 ng/mL OR
S-Tg 1–10 ng/mL OR
TgAb stable OR declining 
in patient with no imaging 
evidence of disease

Tg 0.2–5 ng/mL OR
TgAb levels stable or 
declining in the absence of 
structural or functional 
disease

Reprinted with permission from Filetti et al. [23]
Abbreviations: ATA American Thyroid Association, RAI radioactive iodine, RRA radioactive iodine 
remnant ablation, S-Tg TSH-stimulated serum thyroglobulin, Tg serum thyroglobulin, TgAb anti-
 Tg antibodies, TT total thyroidectomy
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Chapter 13
A Patient with Low-Risk Papillary Thyroid 
Cancer Who Has Undergone a Lobectomy: 
Monitoring for Recurrent Disease 
and Assessment of Thyroid Function

Fernanda Vaisman and Marcela Vaisberg Cohen

 Clinical Case Presentation

A 22-year-old female was diagnosed with a 1.4 cm thyroid nodule in the right lobe, 
highly suspicious at ultrasound. FNA biopsy showed Bethesda VI, suggestive of 
papillary thyroid carcinoma. Neck ultrasound preoperatively showed no abnormal 
lymph nodes, and thyroid function tests showed serum TSH levels of 1.5 mUI/L. After 
discussing with the patient and a multidisciplinary team, she underwent a right 
lobectomy and isthmectomy. The surgery went well, with no complications. 
Pathology report showed a 1.4 cm classic papillary thyroid carcinoma limited to the 
thyroid gland and a normal, 0.2 cm, parathyroid lymph node (pT1b N0 Mx).

 Assessment and Literature Review

The prevalence of differentiated thyroid cancer (DTC) has been increasing consid-
erably worldwide. It is currently the fourth most frequent malignant neoplasm 
among Brazilian women, disregarding non-melanoma skin carcinomas [1]. In 2018, 
the National Cancer Institute – INCa – estimated an incidence of 11.2 cases per 
100,000 women and 2.78 cases per 100,000 men of thyroid cancer in Rio de Janeiro 
[1], 90% of which are differentiated carcinomas. In addition to this, the indolent 
nature of the disease and the high survival rate contribute to this increasing 
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prevalence. Thus, ensuring a good quality of life for these patients becomes even 
more important.

Despite the low mortality, there is a high recurrence and persistence rate, which 
is estimated at 20–30% [2]. Based on this, the American Thyroid Association (ATA), 
as well as other organizations (European Thyroid Association [ETA] and the Latin 
American Thyroid Society [LATS]), began to classify DTCs according to their risk 
of recurrence and persistence by analyzing some postoperative characteristics. 
Therefore, it is defined as low risk: papillary or follicular thyroid carcinoma with no 
evidence of local or distant metastasis; no macroscopic signs of remnant tumor; no 
extrathyroidal invasion; no aggressive histological characteristics; no vascular inva-
sion (if papillary carcinoma); up to five affected cervical lymph nodes, measuring 
less than 0.2 cm in diameter; no radioactive iodine (RAI)-avid metastatic foci out-
side the thyroid bed on the first posttreatment whole-body RAI scan; follicular thy-
roid carcinoma with vascular invasion of up to four foci; and unifocal or multifocal 
thyroid papillary microcarcinoma (<1 cm), even if BRAF V600E mutation is posi-
tive [3]. Studies assessing the risk of persistent or recurrent disease in different 
specialized centers around the world have shown that, in low-risk patients, 78–91% 
had no evidence of disease within 10 years after surgical treatment and RAI therapy. 
Other studies have confirmed these results, even when RAI therapy was not per-
formed, detecting 1–2% of recurrent or persistent structural disease in these 
patients [3].

The treatment for differentiated thyroid carcinomas consists of total or partial 
thyroidectomy, with or without adjuvant RAI therapy. Patients with tumors smaller 
than 4 cm, no extrathyroidal extension, no lymph node or distant metastasis (appar-
ent on preoperative imaging), no history of neck radiation, no family history of 
thyroid cancer in first-degree relatives, and without contralateral disease may be 
submitted to lobectomy since they have a high probability of being low-risk tumors. 
In such cases, adjuvant therapy is not routinely indicated [3]. As a result, these 
patients may not require thyroid hormone replacement. Both factors, RAI therapy 
and thyroid hormone replacement, when applied, can affect the patient’s quality of 
life in a negative way.

The choice of how extensive the surgery should be on low-risk DTC patients has 
been a subject of great discussion in recent years. The advantages of total thyroid-
ectomy in these cases include easier follow-up with biochemical markers and ultra-
sound as well as less uncertainty about the therapeutic response and disease-free 
status. However, there are some disadvantages. In addition to the complications 
inherent in any surgery of these proportions (anesthetic risk, poor healing with unfa-
vorable aesthetic outcomes, and infection), vocal changes, hypoparathyroidism 
(transient or permanent), and possible respiratory failure due to bilateral recurrent 
laryngeal nerve injury have greater risk in this type of surgery than in a less exten-
sive one. Also, patients undergoing this surgery will need thyroid hormone replace-
ment therapy for life [2]. It is true that the decision to perform the lobectomy harbors 
the possibility of a complementation of the surgery if high-risk histopathological 
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characteristics in the surgical piece are found. On the other hand, in most cases 
(around 80%), there is no need for postoperative hormone replacement with levo-
thyroxine, the risks inherent to surgery are lower, and the cost of the treatment is 
also favorable [2, 4]. Several studies have shown that, for low-risk DTC, the prog-
nosis, among patients undergoing total thyroidectomy or lobectomy, is similar [2, 
5–9]. This way, it is up to the medical team, along with the patient, to decide what 
is the best surgery for them. Thus, the assessment of the patient’s quality of life in 
face of this decision becomes crucial and can be pivotal for this choice.

Numerous studies have assessed the quality of life in DTC survivors, report-
ing a global fall in the parameters evaluated, with the neuropsychometric assess-
ments being the most relevant [10, 11]. Some of these studies even showed 
inferior results for survivors of DTC compared to other tumors with worse prog-
nosis and more aggressive treatment [10, 11]. Factors that have been associated 
with risk of poorer quality of life include younger age, female gender, and lower 
educational level [10]. Still, there is an instability in the quality of life of these 
patients, especially in the first 5 years after treatment [10]. After this period, or 
even earlier, a plateau can be reached and then improved back to pre-treatment 
levels [10, 12]. However, there are conflicting results in previous research in that 
some studies have supported a normalization of the quality of life, while others 
have demonstrated that, although improving over the years, it does not com-
pletely normalize [10–13].

The problem that arises from this treatment approach is: how should these 
patients be followed? Periodic clinical examination of the neck is essential, but 
whole-body scan using 131I (WBS) is not valuable because there is known residual 
thyroid tissue that will show up in imaging. A major change in the follow-up of 
patients with papillary thyroid cancer has been the use of neck ultrasound and serum 
thyroglobulin (Tg) levels, which have replaced the routine use of radioactive iodine 
WBS. Ultrasound is a very useful tool to follow patients who underwent lobecto-
mies for their first surgical approach. In patients who have had thyroid ablation, 
serum Tg, measured while the patient is taking L-thyroxine, is a suitable “cancer” 
marker with high sensitivity and specificity [14]. Because Tg is produced by all 
thyroid tissue, normal and abnormal, it is stated that it has less value in the follow-
 up of patients with residual thyroid tissue [15–17].

Momesso et  al. showed that the same concept of risk-adapted approach and 
response evaluation to the initial therapy can be applied for patients who underwent 
partial thyroidectomy with a very good correlation with major outcomes, such as 
mortality and structural recurrence [18]. Thus, it is possible to follow those patients 
the same way as the ones who underwent total thyroidectomy: with ultrasound (that 
in this scenario is crucial) and non-stimulated thyroglobulin, especially its over-
time trend.

Finally, as these are low-risk patients, the ATA guidelines [3] do not recommend 
TSH suppressive therapy. In these cases, serum TSH levels should be between 0.5 
and 2.0 mUI/L.
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 Back to the Patient

This is a young woman with a low-risk DTC. She has an entirely normal contralat-
eral lobe, no auto-immune disease, and a normal thyroid function before surgery. In 
this case, lobectomy is the preferable approach as the complication rates are lower 
and the outcomes regarding recurrence and mortality are the same as total thyroid-
ectomy. In both methods those are expected to be very low. In the long term, she 
should be followed up with ultrasound and non-stimulated thyroglobulin, and her 
goals of serum TSH levels should be less than 2.0 mUI/L.
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Chapter 14
A Patient with Papillary Thyroid 
Carcinoma and Biochemical Evidence 
of Disease at Follow-Up Visits 
and Increasing Serum Tg Values 
at Follow-Up Assessments

Yasuhiro Ito and Akira Miyauchi

 Case Presentation

A 70-year-old Japanese woman was referred to Kuma Hospital for the evaluation of 
a thyroid mass detected through an ultrasound examination for the purpose of 
screening for carotid atherosclerosis in August 2001. She had undergone surgery for 
colon cancer 3 years earlier and had no other notable medical history. She had no 
family history of thyroid cancer. Ultrasound examination at Kuma Hospital revealed 
a solid tumor measuring 32 × 24 mm in the right lobe of her thyroid and lymph 
nodes suspicious for metastasis in both lateral compartments (level IV). She had no 
hoarseness or other compressive symptoms. Laryngotracheal fiberscopy showed 
that her bilateral vocal cords were functioning and that the tumor in the right lobe 
protruded into the tracheal mucosa (approx. one-third of the circumference of the 
trachea) and bled easily when the tip of the fiberscope touched it. No pulmonary 
metastases were detected on the preoperative chest CT scan.

In November 2001, we performed a total thyroidectomy with bilateral modified 
radical neck dissection. A window resection of the trachea (26 × 15 mm) was per-
formed due to the tracheal invasion, and an airtight tracheocutaneostomy was cre-
ated [1], which was closed using a local skin flap in March 2002. We were able to 
preserve the bilateral recurrent laryngeal nerves. The pathological diagnosis was 
papillary thyroid carcinoma with an area of poorly differentiated thyroid carcinoma 
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with a solid growth pattern with invasion into the tracheal mucosa. The cranial mar-
gin of the tracheal resection was positive on the final pathology report. Only 1, 2, 
and 1 lymph node metastases were detected at right level VI, right level IV, and left 
level IV, respectively. All of the nodal metastases were smaller than 3 cm, and no 
extranodal extension was observed based on intraoperative and pathological find-
ings. There were no metastases in levels II or III on either side.

Postoperative ablation using 100 mCi of radioactive iodine (RAI) was performed 
in April 2002, but only thyroid bed uptake was seen on the posttreatment scan. The 
stimulated Tg was 59.4 ng/ml. Since the margin of the tracheal resection was posi-
tive, external beam radiotherapy (50 Gy) was also performed from April to May 
2002. The patient was followed with thyroid-stimulating hormone (TSH) suppres-
sion (<0.1 mU/L) because of the possible residual tumor at the tracheal resection 
site and detectable serum Tg levels.

The patient’s non-stimulated Tg levels gradually increased from 2.8 to 11.4 ng/
ml between June 2002 and August 2007 (Fig. 14.1), with no structural evidence of 
disease. Her anti-Tg antibody test results were always negative. In November 2007, 
several lung metastases were detected on chest CT image; the sizes of the largest 
metastases were 9.3 × 6.7 mm and 8.4 × 4.3 mm on the left and right sides, respec-
tively (Fig.  14.2). In June 2008, RAI therapy (100  mCi) was performed, but no 
uptake was detected in the metastatic lesions. The patient was maintained on TSH 
suppressive therapy. Her serum Tg levels continued to gradually increase (Fig. 14.1).

In November 2012, an ultrasound examination detected suspicious lymph nodes 
measuring 11 mm and 9 mm in her right level II. However, fine-needle aspiration 
biopsy was not performed, since performing a reoperation for such small nodal 
metastases would be unlikely to improve her prognosis because of the presence of 
multiple lung metastases. Lung metastases had enlarged to 16.6 × 11.4 mm and 
14.3 × 7.0 mm on the left and right sides, respectively, in December 2013 (Fig. 14.3), 
although the size of the suspicious nodes was unchanged.
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As of June 2014, the patient was 83 years old with no symptoms of metastases, 
and her serum Tg level was 58.8 ng/ml (Fig. 14.1). Although she had been on pro-
longed TSH suppressive therapy, her bone density did not change between 
September 2005 and December 2012. Her TSH was suppressed to around 
0.01 mIU/L.

The changes in the patient’s serum non-stimulated Tg levels showed a gradual 
and exponential increase over time (Fig. 14.1). When we used a log scale for the 
vertical axis of the graph of the patient’s Tg values, the change was basically linear, 
and the slope of the regression line did not change between before and after the RAI 
therapy (Fig. 14.4). We calculated the Tg-doubling time (DT) from the slope of the 
regression line, as we reported for the calcitonin DT in patients with medullary 
thyroid carcinoma [2]. A regression line, log y = log a + bx, was computed by non-
linear least square regression (x, years after surgery; y, Tg level), and 

Fig. 14.2 November 2007 
chest CT scan showing 
pulmonary metastases

Fig. 14.3 December 2013 
chest CT scan showing that 
the pulmonary metastases 
had slightly 
increased in size
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thyroglobulin- doubling time (Tg-DT) was given as (log2)/b. The thyroglobulin-
doubling time (Tg-DT) calculated in June 2014 was 2.7 years. We also calculated 
tumor volume DTs from the sizes of the pulmonary metastatic lesions on CT images 
in November 2007 and December 2013. The values were 2.6 and 2.8 years for the 
left and right metastatic lesions, respectively. These values were very similar to 
the Tg-DT.

The trend in serum thyroglobulin levels over time showed exponential increase 
(Fig. 14.1). When we took a log scale for the vertical axis, we found that the slope 
became steeper after 2014 (Fig. 14.4). The Tg-DT after 2014 became shorter, at 
1.1 years, although the tumor volume DTs in the same period were stable at 2.9 years 
and 3.8 years for the left and right metastatic lesions, respectively. The Tg value 
reached 1196 ng/ml in September 2019 at her age of 88 years. Although she had no 
specific symptoms, we performed positron emission tomography/computed tomog-
raphy (PET-CT) to investigate whether any metastatic lesions other than the lung 
were present. Then, metastases to the sacral bone (Fig. 14.5a, b) were detected. At 
present, she had no symptoms, including pain and paralysis, for metastatic lesion, 
but we are planning external beam radiotherapy and denosumab injection every 
4 weeks. We will compare the Tg levels before and after the radiotherapy to evaluate 
the effectiveness of external beam radiotherapy and will closely examine the change 
in Tg levels (Tg-DT) after radiotherapy and the structural response to decide the 
timing to initiate molecular-targeted therapy.
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Fig. 14.5 PET-CT 
detected sacral bone 
metastasis in addition to 
known pulmonary 
metastases in September 
2019 (Fig. 14.5a). CT scan 
of the lower abdomen 
showing sacral bone 
metastasis (Fig. 14.5b)

14 A Patient with Papillary Thyroid Carcinoma and Biochemical Evidence of Disease…



124

 Assessment and Literature Review

 Therapies for Metastatic PTC

Papillary thyroid carcinoma (PTC) metastasizes not only to lymph nodes but also to 
distant sites such as the lung and bone, for which RAI therapy is the first-line treat-
ment. However, the metastases were RAI-refractory, so she was treated with TSH 
suppression only. Some molecular-targeted agents are reported to be effective for 
differentiated thyroid carcinomas (DTCs), including PTCs, with RAI-refractory 
metastases [3, 4]. However, in clinical practice, it remains unclear whether and 
when molecular-targeted agents should be administered, since not all RAI-refractory 
cancers are rapidly progressive and life-threatening.

 Representative Molecular-Targeted Agents 
for RAI-Refractory PTC

It was reported that sorafenib and lenvatinib significantly prolonged the progression- 
free survival (PFS) of DTC patients in randomized phase III studies [3, 4]. However, 
these agents displayed a high frequency of various adverse events, e.g., hand-foot 
syndrome (76%), diarrhea (69%), alopecia (67%), rash (50%), and hypertension 
(41%), for sorafenib [3]. Therapy had to be discontinued in as many as 18.8% of 
patients because of severe adverse events (median treatment period 10.6 months; 
[3]). For lenvatinib, hypertension (68%), diarrhea (60%), fatigue/asthenia (59%), 
decreased appetite (50%), and nausea/vomiting (46%) were reported [4]. Other 
studies on real-life practice of patients with radioiodine refractory differentiated 
thyroid carcinoma also reported oncological effectiveness and high incidences of 
these adverse events [5–7]. The median PFS and hazard ratio (HR) with 95% confi-
dence intervals (CI) of the DECISION (sorafenib) and SELECT (lenvatinib) trials 
were 10.8 months (vs. 5.8 months for placebo), 0.59 (0.45–0.76) and 18.3 months 
(vs. 3.6 months for placebo), 0.21 (0.14–0.31), respectively [3, 4]. These agents are 
very costly, and since these trials were crossover studies, it was not conclusively 
proved that they prolong overall survival of patients. Clinicians must therefore care-
fully weigh the advantages and disadvantages of using these agents for individual 
patients.

 Prognosis of DTC Patients with RAI-Refractory Metastases

Not all RAI-refractory metastases are progressive or immediately life-threatening. 
In our prior series, the 5- and 10-year carcinoma-related death rates of 74 DTC 
patients with RAI-refractory metastases (metastases without RAI uptake from the 
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time of the initial treatment) were 5% and 30%, respectively [8]. Therefore, these 
data suggest that not all patients with RAI-refractory thyroid cancer require imme-
diate treatment with systemic agents. Without appropriate selection, many of these 
patients would likely suffer various adverse events without clear improvement in 
quality of life or survival.

We also demonstrated by a multivariate analysis that older age (≥60 years) was 
an independent prognostic factor for cancer-specific survival (CSS) [9], indicating 
that RAI-refractory metastases are more progressive in elderly patients. Therefore, 
molecular-targeted agents are more likely to be administered to elderly patients, 
who more often have comorbidities such as hypertension, liver and renal dysfunc-
tions, diabetes mellitus, and lower immune resistance than younger patients.

 Thyroglobulin-Doubling Time

The change in serum Tg levels is an important prognostic factor for thyroglobulin 
antibody (TgAb)-negative patients who have undergone a total thyroidectomy for 
PTC. We reported that a short Tg-DT (<1 year) after total thyroidectomy strongly 
predicted a poor disease-free survival (DFS) and CSS (Table  14.1) and that the 
Tg-DT shorter than 1 year was a very strong predictor of disease recurrence and 
carcinoma-related death: HR with 95% CIs for locoregional recurrence was 2.38 
(1.20–4.71), for distant recurrence was 4.20 (1.73–10.21), and for carcinoma- 
related death was 47.06 (5.47–405.13), superior to other conventional prognostic 
factors in a multivariate analysis [10]. We also found that the incidence of persistent 
disease was significantly higher in young (<40 years) and old (≥60 years) patients 
than in middle-aged patients (40–59 years), whereas short Tg-DT was more fre-
quently observed in old patients than others [11].

These findings were consistent with the evidence that younger and older patients 
were likely to show recurrence, but only older patients were more likely to die of 
carcinoma, as reported by Mazzaferri and Jhiang [12] and our group [9]. In addi-
tion, Tg-DT significantly reflects cell proliferative activity because of the inverse 

Table 14.1 Relationship between cause-specific survival (CSS), distant (DRS) and locoregional 
recurrence-free survival rate (RFS), and Tg-DT/(first four data)

CSS DRS RFS
5 years (%) 10 years (%) 5 years (%) 10 years (%) 5 years (%) 10 years (%)

Tg-DT
<1 year 90 60 72 31 63 38
1–3 years 95 95 90 63 84 58
≥3 years 100 100 92 64 71 54

Tg-DT/(first four data): thyroglobulin-doubling time was calculated using the first four avail-
able data
Miyauchi et al. [10]
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relationship between Tg-DT and the Ki 67 labeling index [13]. These findings indi-
cate that Tg-DT might allow a quantified prediction of the prognosis for PTC 
patients. Therefore, it is suggested that Tg-DT is a useful support to predict disease 
progression and thus to determine the optimal time for initiating treatment such as 
tyrosine kinase inhibitors, although imaging confirmation of disease progression 
and tumor burden is needed.

 Tumor-Doubling Time

After confirmation of structural disease, an estimation of disease progression may 
be performed using tumor-doubling time. The average tumor volume doubling time 
of lung metastases appears to be a good predictor of overall survival in patients with 
metastatic thyroid cancer. Patients with tumor-doubling time 1 year or shorter had 
significantly worse overall survival than those with tumor-doubling time >1 year 
[14]. It can be used to evaluate eligibility for systemic therapy.

A calculator of both thyroglobulin- and tumor-doubling time is available at the 
Kuma Hospital website (https://www.kuma-h.or.jp/english/about/doubling-time- 
progression-calculator/).

 Management of the Case

 Initial Management After Surgery

Older age, clinical lymph node metastases, and significant extrathyroid extension 
(corresponding to T4  in the UICC TNM classification; [15]) are representative 
conventional predictors of a poor prognosis for disease-free and CSS [16, 17]. We 
therefore speculated that our patient was likely to develop a recurrence, even 
though macroscopically curative surgery was performed. We therefore added RAI 
ablation and external beam radiotherapy because of the positive pathological mar-
gin, in order to prevent local recurrence [1]. She did not develop local recurrence, 
especially at the resection margin of the trachea. But, her serum Tg remained 
detectable and increased gradually over time. This indicated that she would likely 
develop a clinically apparent recurrence in the future; unfortunately this was 
the case.

 Management After Detection of RAI-Refractory Recurrences

Eleven years after her surgery, our patient’s PTC recurred at the lung, and the metas-
tases were RAI-refractory. It is debatable whether and when molecular-targeted 
agents should be prescribed for her.

Y. Ito and A. Miyauchi
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The metastatic foci in her lung did not accumulate RAI, and her Tg-DT also did 
not change following the RAI therapy. During the follow-up with TSH suppressive 
therapy, the RAI-refractory pulmonary metastatic lesions gradually increased 
in size.

The tumor DTs calculated from the sizes of the metastatic foci on CT images 
were 2.6 and 2.8 years for the left and right sides, respectively. These were very 
close to the Tg-DT (2.7 years). A tumor with a DT of 2.7 years will grow to a vol-
ume 16 times the original volume after four doublings (10.8 years later in this case). 
When the present patient becomes 95 years old, the metastatic tumor of the left lung 
would become 42 × 29 mm in size. Furthermore, the site of lung target lesions was 
not risky, unlike adjacent lesion to the trachea and hilar area. Based on this calcula-
tion and metastatic sites, this patient is unlikely to die of lung metastases. We there-
fore did not think that molecular-targeted agents were indicated for her at that time.

We showed that a Tg-DT <1 year accurately reflects carcinoma recurrence and 
carcinoma-related death, regardless of the patient’s background and clinicopatho-
logical features [10]. Patients with a Tg-DT >2 years were very unlikely to die of 
PTC [10]. Molecular-targeted agents are costly and produce various adverse events, 
which may be even life-threatening. These agents should thus be administered to 
patients only when they are truly required. RAI-refractory thyroid cancer with rapid 
growth should be the indication for these agents. We propose a short Tg-DT 
(<1 year) as a convenient criterion of rapid tumor growth and a possible criterion for 
consideration of the use of these agents together with the findings of imaging 
studies.

After December 2014, however, the situation of this patient has changed. Her 
Tg-DT became shorter, at 1.1 years, between December 2014 and September 2019, 
although tumor volume DTs for lung metastases were stable. Also, her Tg level 
reached very high value, 1196 ng/ml, which is discrepant with the tumor burden of 
lung metastases. As a result of whole-body investigation, a new metastasis to the 
sacral bone was detected. One may think that molecular-targeted agents should be 
immediately administrated. Indeed, a previous study showed that lenvatinib signifi-
cantly affected bone metastasis of DTC patients, including PTC [18]. However, we 
normally prioritize the control of local lesions by external beam radiotherapy. If 
required and feasible, local control therapies should be performed before systemic 
therapy.

In conclusion, our patient has RAI-refractory pulmonary and sacral metastases. 
We do not think that the currently available molecular-targeted agents are indicated 
at present, because of a moderately long tumor-DT or Tg-DT. Watchful follow-up 
under TSH suppression is recommended. When Tg-DT became shorter but tumor 
DT was stable, systemic investigation is desirable. However, therapy for local con-
trol should be prioritized, and Tg level, Tg-DT, and structural response should be 
re-evaluated. If Tg-DT remains short and structural disease progresses, molecular- 
targeted agent administration will be considered.
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Clinical Pearls
• Molecular-targeted agents have been proven to be effective for DTC 

patients with RAI-refractory metastases, but these agents can cause severe 
adverse events, damaging the patients’ quality of life.

• To evaluate when and whether molecular-targeted agents should be admin-
istered to patients, we propose a short Tg-DT (<1 year) as a convenient 
criterion of rapid tumor growth as a possible reason to consider the indica-
tion for these agents together with the findings of imaging studies.

• Molecular-targeted agents should be used only after carefully weighing 
their advantages and disadvantages.

• Before the initiation of molecular-targeted agents, therapies for local 
lesions such as external beam radiotherapy should be performed if required 
and feasible.
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Chapter 15
A Young Patient with Recurrent Lymph 
Node Involvement: Imaging, Cytology, 
and Thyroglobulin Washout

Valeria Ramundo, Sebastiano Filetti, and Cosimo Durante

 Case Presentation

A 34-year-old woman was referred to our center for a small, firm mass in the left 
anterior neck, discovered by her general practitioner during a physical examination. 
Thyroid and neck ultrasound (US) revealed a 2.0 cm solid, hypoechoic left thyroid 
nodule, with regular margins, without extrathyroidal extension. No suspicious 
lymph nodes were observed. The patient was euthyroid (serum TSH level of 
1.8  mU/L). Fine-needle aspiration biopsy (FNAB) revealed cytological findings 
consistent with papillary thyroid cancer (PTC) (Bethesda class VI) [1]. The patient 
underwent total thyroidectomy with central neck dissection prompted by intraop-
erative detection of suspicious lymph nodes. The surgical pathology showed an 
intracapsular PTC measuring 1.8 cm in the greatest dimension in the left thyroid 
lobe, without evidence of extrathyroidal extension or vascular invasion. Six out of 
ten central lymph nodes removed showed micro-metastatic involvement (all meta-
static foci were less than 3 mm in greatest dimension), without evidence of extra- 
nodal extension. Tumor was classified as pT1b, N1a – stage 1, according to the 
AJCC/TNM VIII Edition [2]. According to the 2015 ATA initial risk stratification 
system, the patient’s disease was considered to be at intermediate risk for recurrence 
(about 20%) [3].

Radioiodine remnant ablation (RRA) with 30 mCi activity was performed after 
stimulation with recombinant human TSH (rhTSH). At the time of the ablation, the 
stimulated serum thyroglobulin (Tg) level was 10.6 ng/mL (reference range < 10 ng/
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mL) with negative antithyroglobulin antibodies (TgAb). The posttreatment whole- 
body scan (WBS) showed radioiodine uptake only in the thyroid bed.

One year later, the rhTSH-stimulated serum Tg level dropped to 3.2 ng/mL, and 
TgAb levels were still undetectable. Neck US revealed a round (12.5 × 11.2 × 11.6 mm) 
lymph node in the left lateral neck (level III) without evidence of a fatty hilum.

 Literature Review

Cervical nodes are the most common sites of persistent/recurrent disease in patients 
with PTC, and disease of this type occurs in 5–50% of all patients, depending on 
their baseline risk level and response to initial therapy [3]. Several diagnostic tools 
can be used to identify structural disease in the neck during the posttreatment fol-
low- up, each with specific limitations and strengths.

Radioiodine WBS displays an overall accuracy of 90–92% in this setting, with 
excellent specificity (up to 100%) but much more limited sensitivity (51–55%) [4]. 
In 25–50% of patients, single photon emission computed tomography (SPECT)/CT 
can provide more precise anatomic localization of radioiodine-avid lesions, and it 
can affect therapy decision-making and patient management [5–8]. Neither of these 
methods is capable of differentiating neoplastic lesions from normal residual tissue 
in the central compartment [4–7], and both are ineffective for detecting radioiodine- 
refractory metastases [9].

Ultrasonography is considered the most sensitive tool for exploring the thyroid 
bed and cervical lymph node compartments, to evaluate for persistent or recurrent 
PTC in the neck. International guidelines concur in recommending periodic sonog-
raphy after the primary treatment. The frequency of sonographic surveillance will be 
dictated by the initial individual risk for recurrence and the results of serum Tg assays 
[3, 10, 11]. There are no validated US criteria for distinguishing malignant and 
benign lesions of the thyroid bed (e.g., tumor recurrence compared to postoperative 
fibrosis or suture granulomas), but US is much more helpful for classifying cervical 
lymph nodes [10, 12]. As shown in Table 15.1, foci of punctate hyperechogenicity 
(reflecting microcalcifications), cystic features, peripheral or diffuse increases in vas-
cularity, and the presence of hyperechoic “thyroid-like” tissue are all strongly sug-
gestive of malignancy [10]. The presence of more than one of these features should 
reinforce the suspicion, but the sole presence of hyperechoic microfoci or cystic 
features has a positive predictive value for PTC involvement that approaches 100% 
[12]. The presence of neoplastic involvement is virtually excluded by visualization of 
the echogenic lymph node “fatty” hilum, which can be achieved with either standard 
grayscale or color Doppler imaging. Nonvisualization of the hilum and other fea-
tures, such as a rounded shape, are highly sensitive markers of lymph node malig-
nancy, but they are relatively nonspecific. Therefore, in the absence of other 
suspicious features, these findings are considered “indeterminate.”
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About two-thirds of cervical lymph nodes classified as indeterminate will disap-
pear spontaneously with time [13]. Furthermore, frequent US examinations are 
more likely to identify false-positive abnormalities than clinically significant struc-
tural disease recurrence [14]. The location of a suspicious node can also be informa-
tive: positive nodes are most commonly found in neck compartments III, IV, and VI 
[12]. Nodal metastases are also much more likely in patients whose risk of recur-
rence has been classified as intermediate to high and in those with abnormal serum 
Tg values [3]. In the presence of indeterminate findings on ultrasound (especially 
when they persist over time), either of these factors is usually an indication for 
second-line testing to determine whether or not the node is indeed malignant.

Cytological assessment of an FNAB specimen is the most common method for 
confirming metastatic involvement of lymph nodes with indeterminate or suspi-
cious sonographic features. However, this is not mandatory for all structurally iden-
tifiable neck disease: lesion size (generally ≥0.8–1 cm in maximal dimension), rate 
of growth, proximity to vital structures, symptoms, and patient preference should 
determine whether a lesion represents an “actionable” finding. The FNAB should be 
offered only if the results will have a real impact on patient management [3]. 
Confirmation of locoregional metastatic involvement is often followed by further 
treatment, but if this course of action is already precluded by factors like advanced 
age, comorbidities, or patient preferences, an FNAB serves little purpose.

Table 15.1 Accuracy of ultrasound features in diagnosing malignant involvement of cervical 
lymph nodes

Features
Sensitivity 
(%)

Specificity 
(%)

NPV
(%)

PPV
(%)

Accuracy 
(%)

Prevalence (%) 
in normal LN

Suspicious for malignancy

Punctate 
hyperechogenicity

5–69 93–100 33–60 88–100 56–72 0

Cystic aspect 10–34 91–100 30–66 77–100 48–65 0
Peripheral/diffuse 
vascularization

40–86 57–93 31–70 77–80 54–71 1–18

“Thyroid-like” 
hyperechogenicity

30–87 43–95 38–84 66–96 56–90 4–17

Indeterminate

Round shape 37 70 45 63 – 4–36
Hilum absent 90.4–100 29–40 67.3 75.9 – –
Normal

Hilum present 0.5 – – – – 29–48
Vascularization 
absent

0 – – – – 33–36

Adapted from Leboulleux et al. [12] and Leenhardt et al. [10]
NPV negative predictive value, PPV positive predictive value, LN lymph node
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The aspiration should be performed under US guidance by an experienced opera-
tor, defined by the European Thyroid Association (ETA) as one who performs at 
least 150 procedures per year and maintains an inadequate sampling rate below 10% 
[10]. Material is collected with 24- to 27-gauge needles (two or more passes) and 
smeared on slides or suspended in liquid phase for cytological examination. False- 
negative results occur in 6–8% of all cases (due to sampling error), and up to 10% 
of samples prove to be inadequate for diagnosis. When cytological and sonographic 
findings conflict (i.e., normal cytology versus suspicious sonographic features) or 
the FNAB sample is inadequate, further diagnostic testing can be undertaken.

The diagnostic yield of an FNAB can be enhanced by assaying Tg levels and/or 
thyroid-specific gene transcripts in washout fluid from the needle used to collect the 
cytology aspirate [15] or by another dedicated pass for Tg or genetic analysis. For 
the Tg assay, the needle is generally flushed with 1 cc of normal saline solution. The 
washout is analyzed using an immunometric assay with a functional sensitivity 
between 0.1 and 1 mcg/L [10] that has been precalibrated in line with the CRM 457 
standard. The results are expressed in nanograms per milliliter, and normal cutoffs 
vary. The ETA regards levels below 1 ng/mL as normal and those above 10 ng/mL 
as compatible with thyroid cancer metastasis in a thyroidectomized patient [10]. 
Values between 1 and 10  ng/mL should be interpreted together with cytology 
results [10].

Immunometric Tg assays can produce falsely low results in the presence of high 
Tg concentrations if the excess antigen saturates the binding capacity of the anti-
bodies in the solid-phase support. This so-called hook effect can be excluded by 
assaying serial dilutions of the sample [16]. The reported sensitivity of washout 
fluid Tg levels for identifying thyroid cancer lymph node metastases ranges from 
88% to 100% with a specificity from 69% to 100% [15–18]. This assay can be infor-
mative even in the presence of TgAb [19, 20], although false-negative results can 
also occur in this setting [21]. False negatives are also possible in the presence of 
anaplastic or poorly differentiated thyroid cancer metastases. False-positive results 
have also been reported, mainly when a remnant of normal thyroid is mistakenly 
identified as a suspicious level VI lymph node [15].

When cytology and washout fluid Tg levels are both noninformative, assaying a 
sample of the FNAB washout for mRNA for thyroid-specific genes (e.g., TSH 
receptor, Tg) may be useful. The washout in this case is performed with an RNA 
stabilization solution and the sample frozen for later assay. With polymerase chain 
reaction amplification, this approach can correctly identify the presence of meta-
static tissue, even when the washout fluid contains only a few cells [17]. However, 
this assay is probably available only in tertiary care centers.

Once the presence of metastatic lymph node involvement has been established, 
the most effective therapy [22] and the first-line approach recommended by the ATA 
Practice Guidelines [3] is surgery. The first reoperation is often (50–70% of patients) 
successful in eradicating the disease [22–24]. However, reoperation carries an 
increased risk of permanent complications [25–27], including nerve resection (e.g., 
recurrent laryngeal, spinal accessory, and phrenic nerves), hypoparathyroidism, and 
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tracheal or esophageal damage. A careful risk-benefit analysis, based on thorough 
analysis of costs, benefits, and patient preferences, should guide surgical decision, 
particularly in patients with risk factors for incomplete response [28]. The actual 
risk of complications depends in part on the skill and experience of the surgeon, so 
the availability of surgeons specifically trained in neck revision procedures is a criti-
cal factor to consider. The proximity of the metastatic node to vital structures in the 
neck should also be fully taken into account.

The ATA recommends that surgery should be considered for central neck nodes 
measuring >8 mm and lateral neck nodes measuring >10 mm in the greatest dimen-
sion. For smaller nodes or those that remain stable over time, conservative manage-
ment based on active surveillance is more appropriate [3]. Only 20% of all suspicious 
lymph nodes exhibit volume increases over time [29]. Those posing no threat to 
vital structures that show no signs of growth can be safely and effectively monitored 
with periodic (every 6–12 months) US examinations [3, 10]. Thermal [30, 31] and 
ethanol [32] ablation has also been proposed as a less invasive treatment for patient 
refusing or with contraindications to surgery. These alternative therapies are most 
often used to treat lymph node disease in the lateral, rather than the central, neck. 
The patient’s wishes and preferences have to be weighed and addressed in all 
decisions.

 Back to the Patient

At the 1-year follow-up visit, the patient presented an indeterminate response, 
according to ATA guidelines [3], and a sonographically indeterminate left lateral 
neck lymph node (see Table 15.1).

With a small child to care for and a promising new job, the young woman was 
clearly disconcerted by the possibility (however uncertain) that the disease had 
spread in spite of the previous treatment and the prospect of a second operation. An 
FNAB was promptly obtained, and as routinely performed in our center, aliquots of 
the needle washout were also collected and retained for Tg levels and thyroid- 
specific gene expression assays. The aspirate itself proved to be inadequate for cyto-
logical analysis, and also the Tg level in the needle washout fluid was in the 
indeterminate range (10 ng/mL). However, the presence of metastatic PTC in the 
aspirated node was confirmed by the presence of mRNA for the TSH receptor and 
Tg genes in the washout fluid. The pros and cons of a second operation were 
reviewed in light of this diagnosis, and the patient decided to undergo a selective left 
lateral neck dissection. The operation was uneventful, and the surgical pathology 
confirmed metastatic PTC in 2 out of 15 lymph nodes removed. Six months later, 
the rhTSH-stimulated serum Tg level was below the detection limit, TgAb were 
negative, and no suspicious findings were detected on neck US. Five years have 
passed since the second operation, and the patient has remained disease-free. She 
continues to work and care for her family.
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Clinical Pearls/Pitfalls
• US is the most accurate tool for identifying metastatic spread to cervical 

lymph nodes.
• Nodes displaying punctate hyperechogenicity, cystic features, diffuse or 

peripheral increases in vascularity, or hyperechoic “thyroid-like” tissue on 
neck US should raise a strong suspicion of malignancy.

• When the suspicious features are limited to a round rather than oval shape 
and/or the absence of a fatty hilum, the nature of node is indeterminate.

• FNAB for cytology is indicated for most suspicious lymph nodes, only if a 
subsequent treatment is planned.

• The diagnostic yield of the FNAB for identification of lymph node metas-
tases can be increased by measuring Tg levels in the FNAB needle washout 
fluid. PCR-based assays can document even low levels of thyroid-specific 
gene mRNA in the FNAB washout fluid.

• The first reoperation for persistent/recurrent PTC in the neck is successful 
in about 50–70% of cases but carries an increased risk of permanent 
complications.

• Nonthreatening lymph node metastases that remain stable in size over time 
can be safely and effectively monitored with periodic (6–12 months) US 
examinations.
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Chapter 16
Papillary Thyroid Carcinoma Diagnosed 
During Pregnancy

Zachary Simons and David S. Cooper

 Case Presentation

A 46-year-old pregnant female was referred for management of a recently diag-
nosed papillary thyroid carcinoma. During her initial prenatal visit at 11 weeks of 
gestation, a nurse midwife detected a right thyroid nodule. Her TSH was normal at 
0.96  mU/L.  Her primary care doctor arranged for a diagnostic ultrasound that 
revealed a 4.6  cm right thyroid nodule. She returned the following week for an 
ultrasound-guided fine-needle aspiration biopsy. The cytology was suspicious for a 
papillary thyroid carcinoma (Bethesda class V). She was referred for management 
options. At the time of the endocrine consultation, the patient was para 5 gravida 4 
and 19 weeks pregnant. She did not have any other medical conditions. She had no 
history of head and neck radiation. She had no family history of thyroid disease, 
including thyroid cancer. She denied neck pressure, voice change, or dysphagia.

An office ultrasound of the thyroid nodule and cervical neck node survey was 
performed to estimate her stage and direct the extent of surgery. The ultrasound 
exam revealed a 4.6 × 2.1 × 2 cm solid, hypoechoic, taller-than-wide (anteroposte-
rior/transverse diameter ratio >1) nodule in the upper right thyroid lobe (high- 
suspicion appearance according to the American Thyroid Association [ATA] 
guidelines [1], Fig. 16.1). The nodule contained microcalcifications. An ultrasound 
node survey of the central and lateral neck revealed two abnormal 1 and 1.5 cm 
partially cystic, hypervascular nodes inferior to the lower pole of the right thyroid 
lobe (Fig. 16.2). FNA of the nodule and one of the central neck nodes were biopsied 
and were positive for papillary thyroid cancer.

Z. Simons · D. S. Cooper (*) 
Division of Endocrinology, Diabetes, and Metabolism, The Johns Hopkins University School 
of Medicine, Baltimore, MD, USA
e-mail: dscooper@jhmi.edu

http://crossmark.crossref.org/dialog/?doi=10.1007/978-3-030-61919-0_16&domain=pdf
https://doi.org/10.1007/978-3-030-61919-0_16#DOI
mailto:dscooper@jhmi.edu


142

 Assessment and Literature Review

While thyroid cancer in general is uncommon in pregnancy (25 cases per 100,000 
pregnancies), it is the second most frequent cancer to be diagnosed in pregnancy, 
following breast cancer, tending to occur more often in older pregnant women and 
in the postpartum period [2]. It is recommended that thyroid nodules in pregnant 
women with euthyroidism and hypothyroidism be evaluated and biopsied with the 
same criteria as nonpregnant adults [1, 3].

Fig. 16.1 Thyroid ultrasound of the right thyroid lobe shows a 4.6 × 2.1 × 2 cm (sagittal × antero-
posterior × transverse) solid, hypoechoic nodule. This nodule is hypoechoic with taller-than-wide 
(anterioposterior/transverse diameter ratio >1) dimensions with microcalcification (white arrows) 
and low intranodular vascular flow by Doppler analysis (grade 3). (a) Thyroid transverse view with 
Doppler. (b) Thyroid sagittal view. CA carotid artery, TRACH trachea

Fig. 16.2 Cervical node ultrasound. A 1.5 × 0.8 × 1 cm node (arrow) is located inferior to the 
thyroid in the right thyroid bed, cervical node level VI, between the carotid artery (CA) and the 
trachea. The node is partially cystic with post-cyst enhancement (arrowhead) and peripheral vas-
cular flow in the solid component of the node. (a) Node transverse view. (b) Node sagittal view 
with Doppler analysis
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AJCC/TNM staging is a universal method of communicating extent of disease 
and correlates with risk of death. A young female with a >4 cm papillary thyroid 
carcinoma with >1 cm metastatic level 6 nodes would be a stage 1 patient in the 
AJCC/TNM classification scheme with a mortality risk of 0%. Given the size of the 
tumor and the presence of large nodal metastases, the risk of recurrence according 
to the ATA Risk Stratification System is in the 10–20% range [1]. Thus, the decision 
for surgery during pregnancy requires assessment of the risk of death and recur-
rence of the differentiated thyroid cancer balanced against the potential harm to 
the fetus.

There is no consensus to whether surgery for papillary thyroid carcinoma should 
be performed during pregnancy or postpartum. Most retrospective analyses have 
suggested that delaying surgery does not affect outcomes. In one of the original 
studies investigating PTC diagnosed in pregnancy, Moosa et al. compared thyroid 
cancer in 61 pregnant women to nonpregnant controls and showed no difference in 
risk of recurrence or survival [4]. Recent studies involving more rigorous biochemi-
cal and imaging follow-up have shown similar results [5, 6]. While some retrospec-
tive studies have indicated higher rates of persistent disease in the postpartum period 
and larger tumors with higher rates of lymph node involvement [7–9], these studies 
do not provide definitive evidence that delaying treatment until the postpartum 
period results in changes in clinical outcomes.

On the contrary, in one recent report from Memorial Sloan Kettering Cancer 
Center, 197 patients who had had an excellent, indeterminate, or biochemically 
incomplete response to therapy continued to show no evidence of structurally iden-
tifiable disease. A few (8%) had increases in basal Tg during pregnancy. In 38 
women with a structural incomplete response to therapy prior to pregnancy, struc-
tural progression (≥3mm increase in the size of known disease or identification of 
new metastatic foci) was identified after delivery in 29% (11/38). However, addi-
tional therapy was recommended during the first postpartum years in only 8% (3/38) 
of those patients [10]. Thus, even though structural disease progression was seen in 
almost a third of the patients with known structural disease prior to pregnancy, only 
a minority of these patients had changes sufficient to warrant additional therapy. In 
two prospective studies in which pregnant women with small thyroid cancers were 
monitored sonographically during pregnancy, only a small minority showed an 
increase in size, and no patient developed nodal metastases [11, 12].

The mechanisms by which pregnancy may exert an influence on tumor progres-
sion are unknown. Some studies have suggested that hormonal changes during preg-
nancy may trigger thyroid cancer growth. Vannucchi et al. showed that differentiated 
thyroid cancers diagnosed during pregnancy or in the first year postpartum had 
higher likelihood of estrogen receptor alpha expression [7]. However, this could not 
be verified in another study [9]. A third study showed that hCG interacts with 
recombinant hTSH receptors transfected into human thyroid cancer cells [13], sug-
gesting a role for hCG in stimulating thyroid cancer growth. However, there is no 
evidence that papillary thyroid cancer occurring in pregnancy has a more aggressive 
phenotype compared to cancers occurring in nonpregnant women [6].
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One large study showed that thyroid surgery performed during pregnancy had 
greater risk of complications (hypoparathyroidism and recurrent nerve injury) and 
longer hospital stays [14], but did not provide data on fetal loss. Other smaller ret-
rospective studies have shown that thyroid surgery is safe during pregnancy, with no 
adverse fetal or maternal outcomes [15, 16]. These studies, which report on fewer 
than 100 pregnant women, also show no difference in tumor stage (TNM), recur-
rence rate, complications of pregnancy, or adverse fetal outcome regardless of 
whether surgery is performed during or after pregnancy. Current ATA guidelines 
recommend avoiding surgery during pregnancy unless the tumor grows substan-
tially before 24–26 weeks gestation or if malignant cervical lymph nodes are pres-
ent, in which case thyroidectomy should be considered, preferably during the 
second trimester of pregnancy [3].

 Back to the Patient

During this patient’s 23rd week of pregnancy, she had an uncomplicated total thy-
roidectomy and bilateral central neck dissection (level 6). This was done because of 
the large size of the mass and the presence of nodal metastases. Her pathology 
showed a 4  cm partially encapsulated papillary thyroid carcinoma with 9 of 11 
nodes containing metastatic papillary thyroid carcinoma. Six weeks after surgery, 
her thyroglobulin was 0.8 ng/mL with a TSH 0.1 mU/L on levothyroxine therapy. 
Radioactive iodine therapy was postponed for 1 year to allow her to breastfeed her 
baby (see Chap. 26). During the first year after surgery, she was followed with mul-
tiple assessments of thyroglobulin levels that were stable and did not rise and neck 
ultrasound examinations that did not show evidence of residual or recurrent disease.

Clinical Pearls/Pitfalls
• Thyroid cancer diagnosed during pregnancy has an indolent course of dif-

ferentiated thyroid cancer typical of what is generally seen in young adults.
• Thyroid cancer without sonographic evidence of capsular invasion or met-

astatic nodes may be followed by ultrasound without surgery.
• More advanced disease in a pregnant woman, progression of disease dem-

onstrated by growth of the primary tumor, evidence of invasion, and the 
development metastatic nodes are indications for thyroidectomy during 
pregnancy.

• Thyroidectomy during pregnancy is generally safe but is preferably done 
during the second trimester.
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Chapter 17
Risks of Thyroid Hormone Suppression 
for Differentiated Thyroid Cancer 
in the Elderly

Swaytha Yalamanchi and David S. Cooper

 Case Presentation

A 91-year-old woman presents for management of papillary thyroid carcinoma 
(PTC). She underwent a total thyroidectomy six years previously. Pathology dem-
onstrated a 1.3 cm focus of PTC with focal tall cell features and metastases in one 
of four central and two of five left lateral lymph nodes. She was treated with 75 mCi 
of I-131 and her posttreatment scan showed two foci of radiotracer localization in 
the thyroid bed and three foci in the anterior lower thorax. The patient underwent 
resection of a level VI lymph node 4 years later. Pathology showed a 1.5 cm lymph 
node replaced by PTC and extensive skeletal muscle involvement. Chest CT scan 
showed multiple pulmonary nodules suspicious for metastatic disease, none of 
which were iodine-avid on subsequent I-123 scan. The patient also has a history of 
osteoporosis with a femoral fragility fracture and is being treated with risedronate. 
Recent biochemical assessment includes serum thyroid-stimulating hormone (TSH) 
0.68 mU/L (0.50–4.50), serum free T4 1.6 ng/dl (0.8–1.8), and basal serum thyro-
globulin 120 ng/ml with negative serum thyroglobulin antibody titers.

S. Yalamanchi 
Division of Endocrinology, Diabetes, and Metabolism, Palo Alto Medical Foundation,  
Palo Alto, CA, USA 

D. S. Cooper (*) 
Division of Endocrinology, Diabetes, and Metabolism,  
The Johns Hopkins University School of Medicine, Baltimore, MD, USA
e-mail: dscooper@jhmi.edu

http://crossmark.crossref.org/dialog/?doi=10.1007/978-3-030-61919-0_17&domain=pdf
https://doi.org/10.1007/978-3-030-61919-0_17#DOI
mailto:dscooper@jhmi.edu


148

 Assessment and Literature Review

PTC is associated with low rates of mortality and recurrence, particularly in patients 
with low-risk disease. Fully suppressive thyroxine (T4) therapy (serum TSH <0.1 
mU/L) does not have a role in the long-term management of low-risk PTC, though 
may improve survival in patients with high-risk disease. Iatrogenic hyperthyroidism 
may negatively impact cardiovascular and bone health, particularly in the elderly. 
Individualized goals regarding T4 suppressive therapy are necessary.

 Prevalence

The incidence of DTC, particularly low-risk PTC, has increased rapidly over the 
past 15 years [1]. Although there has been increased detection of incidental sub-
clinical disease on imaging studies, rates of aggressive PTC and thyroid cancer- 
specific mortality, have also increased [2, 3].

 Efficacy of Thyroid Hormone Suppression Therapy

DTC treatment has traditionally included total thyroidectomy, suppression of serum 
TSH to undetectable levels, and, in selected cases, radioiodine (RAI) ablation. 
Older studies suggested that suppressed TSH levels, regardless of the stage, may be 
associated with decreased rates of disease progression and recurrence and increased 
rates of relapse-free survival [4, 5]. Multiple studies since that time, however, have 
shown that aggressive thyroid hormone suppression is not beneficial in low-risk 
disease. A prospective study of the National Thyroid Cancer Treatment Cooperative 
Study Group (NTCTCSG) (n = 617), a thyroid cancer registry in the United States, 
found no effect of thyroid hormone suppression in stages I and II disease with mini-
mal effects seen in stages III and IV after adjustment by multivariate analysis [6, 7]. 
A subsequent study of 4,491 patients in this cohort (median follow-up six years) 
suggested that in all stages overall survival was improved in those with moderate 
TSH suppression as compared to individuals with serum TSH levels in the normal/
elevated range [8]. Hovens et al. (n = 366, mean follow-up  8.85 years) demonstrated 
no differences in thyroid carcinoma-related death in individuals with suppressed 
and unsuppressed TSH levels. However, high TSH levels were predictors of cancer- 
related death and recurrence: median serum TSH level >2 mU/L in patients with 
T1-3, M0 tumors was associated with higher rates of recurrence (HR 1.41; 95 % CI 
1.03–1.95) and death (HR 2.03; 95 % CI 1.22–3.37) as compared to individuals 
with serum TSH <2 mU/L [9]. A non-inferiority randomized control trial of low- 
risk DTC Japanese patients (n = 433, mean follow-up  6.9 years) demonstrated that 
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disease-free survival in euthyroid patients (mean serum TSH 3.2 mU/L) was similar 
to those with suppressed serum TSH, even in high-risk patients. Of note, the major-
ity of patients underwent central neck dissection and did not receive radioiodine, 
patterns of care that differ from North America and Europe [10]. Among individuals 
who undergo lobectomy for management of low-risk DTC, limited data suggest 
targeting a serum TSH <2 mU/L is not associated with recurrence-free survival. 
Again, prophylactic unilateral central neck dissection was performed in this popula-
tion, and it warrants caution in extrapolation of these results [11]. Overall, patients 
with low- and intermediate-risk DTC have an excellent prognosis, and aggressive 
TSH suppression is unlikely to be beneficial. The appropriate degree of TSH sup-
pression by thyroid hormone suppression therapy in more aggressive disease 
remains unknown.

 Recommendations for Serum TSH Suppression Goals

The 2015 American Thyroid Association (ATA) guidelines recommend initial 
serum TSH suppression goals for high- and intermediate-risk thyroid cancer patients 
of <0.1 mU/L and 0.1–0.5 mU/L, respectively. The recommended serum TSH level 
for low-risk patients with detectable serum thyroglobulin regardless of remnant 
ablation status is 0.1–0.5 mU/L. Low-risk patients with undetectable serum thyro-
globulin levels regardless of whether they have undergone remnant ablation may 
have serum TSH maintained at 0.5–2 mU/L [12]. Serum TSH goals at the time of 
initial assessment should be based on comorbidities [12]. TSH targets in the long- 
term follow-up of DTC depend on comorbidities, the risk of recurrence, and 
response to treatment (Table 17.1) [12].

 Adverse Effects Associated with Suppressive T4 Therapy 
in the Elderly

While T4 suppressive therapy may reduce recurrence and mortality rates in indi-
viduals with high-risk DTC, there are inherent risks (e.g., cardiovascular disease 
and decreased bone health) associated with iatrogenic thyrotoxicosis, particularly 
in the elderly. Suppressive thyroxine therapy may negatively impact quality of 
life [13].

It is unclear if endogenous hyperthyroidism and exogenous thyrotoxicosis cause 
similar adverse events. Serum free T4 levels are high normal or elevated in both 
situations; it is uncommon for serum T3 levels to be high normal/elevated in iatro-
genic thyrotoxicosis, as compared to endogenous hyperthyroidism. This difference 
in serum T4/T3 ratios may be associated with different end-organ effects [14].

17 Risks of Thyroid Hormone Suppression for Differentiated Thyroid Cancer…
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 Cardiovascular Disease

 Dysrhythmias

Elderly individuals with iatrogenic thyrotoxicosis are at increased risk of cardiovas-
cular (CV) disease and dysrhythmias. Studies have reported adverse CV effects 
including systolic and diastolic dysfunction, decreased arterial elasticity, and pro-
thrombotic effects [15–18]. Adverse cardiac function may be more common in indi-
viduals treated with long-term suppressive therapy (>6 months)[19]. The elderly 
tend to be less symptomatic and thus warrant heightened clinical suspicion [20].

The prevalence of atrial fibrillation (AF) in DTC patients ≥60 years has been 
estimated to be as high as 17.5 %, with paroxysmal AF more common than persis-
tent AF [21]. A Scottish observational study including 17,684 patients (females 85.9 
% with mean age of 60.3 years; males, mean age of 61.8 years; median follow-up 

Increasing Risk of
TSH Suppression

No Known Risk

Menopause

Tachycardia

Osteopenia

Age > 60

Osteoporosis

Atrial Fibrillation

* 0.5 mU/L represents the lower limit od the reference range for the TSH assay which
can be 0.3-0.5 mU/L depending on the specific assay

** TSH target for patient wich a biochemical incomplete response can be quite different
based on original ATA risk, Tg level, Tg trend over time and risk of TSH suppression

No suppression. TSH target 0.5*-2.0 mU/L

Mild suppression. TSH target 0.1-0.5* mU/L

Moderate or Complete suppression. TSH target <0.1 mU/L

Excellent Indeterminate
Biochemical
Incomplete**

Structural
Incomplete

Moderate or Complete Suppression.

TSH target <0.1 mU/L

Mild suppression. TSH target 0.1-0.5* mU/L

No suppression. TSH target 0.5*-2.0 mU/L

Table 17.1 Suggested long-term serum TSH targets in patients with DTC. (Table from 2015 ATA 
guidelines [12])
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4.5 years) on levothyroxine for ≥6 months demonstrated that individuals with serum 
TSH levels of <0.03 mU/L were at increased risk for CV disease (adjusted HR 1.37; 
95 % CI 1.17–1.60) and dysrhythmias (adjusted HR 1.6; 95 % CI 1.10–2.33) after 
adjustment for age, sex, previous thyroid condition, socioeconomic status, and his-
tory of diabetes mellitus. The subset of patients with low but non-suppressed serum 
TSH levels (0.04 to 0.4 mU/L) did not have an increased risk of cardiac events [22]. 
In a retrospective cohort study using the Korean National Health Insurance data, 
patients with thyroid cancer had an elevated risk of coronary heart disease (HR 1.15, 
95% CI, 1.10–1.22) and ischemic stroke (HR 1.15, 95% CI 1.09–1.22); the risk of 
atrial fibrillation was dose dependent with T4 therapy and felt to account for 4.4% 
of ischemic stroke incidence (n=128/2914) [23]. Similar data were reported in study 
from Finland [23]. Not all data demonstrate an association of degree of TSH sup-
pression with atrial fibrillation [24].

RAI has been hypothesized to have an adverse CV effect as the sodium iodide 
symporter is expressed in cardiac tissue, potentially impacting cardiac inflamma-
tion, oxidative stress, and fibrosis [25, 26].

 Cardiovascular Mortality

There are conflicting data regarding whether exogenous hyperthyroidism results in 
increased cardiovascular mortality. Some data have demonstrated a reduction in CV 
mortality [23]. Bauer et al. found no difference in mortality rates between women 
on long-term thyroxine therapy and nonusers (relative hazard 1.11, 95 % CI 
0.98–1.24, p ≤ 0.09), even when stratified by serum TSH (<0.5 mU/L vs. >5 mU/L). 
A prior history of hyperthyroidism, however, was associated with a small increase 
in all-cause and cardiovascular mortality [27]. In contrast, a population-based 
observational study (mean age 49 ± 14 years, median follow-up 8.5 years) demon-
strated an increase in CV mortality and all-cause mortality by 3.3- and 4.4-fold, 
respectively, in patients with DTC independent of age, sex, and CV risk factors. 
Each tenfold decrease in geometric mean serum TSH was associated with a 3.1-fold 
increase in CV mortality [28]. Yang et al. similarly observed that among thyroid 
cancer patients, cardiac disease and cerebrovascular disease were the most frequent 
causes of non-cancer mortality [29]. The mechanism for increased CV mortality is 
unclear, but is postulated to be related to an increased risk of AF, impaired diastolic 
function, and increased left ventricular mass, leading to increased risk of stroke, 
heart failure, and myocardial infarction, respectively [30].

 Bone Mineral Density and Fracture Risk

Data regarding the effect of iatrogenic hyperthyroidism on bone mineral density 
(BMD) are conflicting, but largely suggestive of a decrease in BMD and increase in 
fracture risk in postmenopausal women. Multiple factors including, but not limited 
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to, low body mass index may adversely impact bone density, while factors such as 
hypoparathyroidism may be associated with increased bone density in the post-
menopausal population [31, 32]. The majority of data have not shown compelling 
evidence of a significant change in bone health in premenopausal women or men 
treated with T4 suppressive therapy, as compared to postmenopausal women 
[33–43].

Wang et al. demonstrated that among individuals with low- and intermediate-risk 
DTC (n=791 with 569 women, mean age 48±14 years; median follow-up 6.5 years), 
the risk of postoperative osteoporosis was increased among women with TSH level 
<0.4 mU/L vs. >0.4 mU/L (HR 3.5, p=0.023, 95% CI 1.2–10.2). No associated risk 
was observed at a median serum TSH level of approximately 1 mU/L [44]. Similarly, 
a study including elderly individuals (n=87; median age 80 years) showed signifi-
cant increases in rates of osteoporosis with more suppressed TSH levels (0.1–0.3 
mU/L and <0.1 mU/L vs. 0.3–0.5 mU/L) [45].

Bauer et al. prospectively followed 686 women ≥ 65 years of age with subclini-
cal thyrotoxicosis (exogenous and endogenous) and demonstrated that women with 
a serum TSH level ≤0.1 mU/L had a threefold increased risk of hip fracture (relative 
hazard, 3.6 [95 % CI, 1.0–12.9]) and a fourfold increased risk of vertebral fracture 
(odds ratio 4.5, 95 % CI 1.3–15.6) as compared to controls (serum TSH 0.5–5.5 
mU/L) [46]. The Thyroid Epidemiology Audit and Research Study (TEARS) also 
demonstrated an increased risk of fractures in both individuals with suppressed 
serum TSH (<0.03 mU/L) (adjusted HR 2.02, 95 % CI 1.55–2.62) and elevated 
serum TSH (>4.0 mU/L) (adjusted HR 1.83, 95 % CI 1.41–2.37). Elevated serum 
TSH levels in the latter group were considered to be a marker for poor compliance 
with medical therapy. Similar to the pattern seen in cardiovascular events as previ-
ously described, individuals with low but non-suppressed serum TSH levels 
(0.04–0.4 mU/L) did not have an increased risk of fracture [22]. Shin et al. also 
showed a J-shaped association between TSH suppression and fracture risk with both 
higher and lower doses of T4 therapy associated with increased risk [47]. A cross- 
sectional study including 178 postmenopausal women demonstrated higher verte-
bral fracture prevalence among women with serum TSH <0.5 mU/L as compared to 
those with higher levels. In the entire cohort, vertebral fractures were independently 
associated with TSH level <1.0 mU/L, diagnosis of osteoporosis by densitometry, 
age, and duration of levothyroxine therapy [41].

A meta-analysis including five population-based prospective studies demon-
strated a nonsignificant increase in the risk of hip fractures (HR 1.38 [CI, 0.92–2.07]) 
and non-spine fractures when patients with endogenous and exogenous subclinical 
thyrotoxicosis were pooled. The strength of the relationship between subclinical 
thyrotoxicosis and fractures appeared stronger in the setting of a suppressed serum 
TSH (<0.1 mU/L), but only two studies provided such data [48]. These findings are 
in keeping with meta-analyses by Faber et al. and Uzzan et al. suggesting that T4 
suppressive therapy results in bone loss at an annual rate of 1 % in postmenopausal 
women [49, 50]. Differences in studies may be partially explained by varying rates 
of thyroid hormone suppression and calcium intake in the studies [35]. Data from 
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two additional meta-analyses suggest that TSH suppression is associated with a 
lower BMD of the total hip and spine in postmenopausal woman and possible risk 
of osteoporotic fracture [39, 51].

 Treatment

Calcium and bisphosphonates are useful in managing bone health in iatrogenic 
hyperthyroidism. Kung et al. demonstrated that calcium monotherapy (1000 mg/
day) was effective in mitigating bone loss, while intranasal calcitonin offered little 
further benefit [52]. Postmenopausal women on suppressive levothyroxine not 
receiving calcium and vitamin D supplementation have higher rates of bone loss 
[43]. Bisphosphonates are effective in increasing BMD in the lumbar spine and 
femoral neck in postmenopausal women receiving T4 suppressive therapy in the 
short term [53].

 Management of the Patient

Our patient has recurrent stage IVc PTC with likely pulmonary metastases. Given 
her persistent high-risk disease, she qualifies for moderate to complete suppressive 
thyroxine therapy by the 2015 ATA guidelines. However, the patient is postmeno-
pausal with known osteoporosis; due to age, she is at an increased risk of AF and 
may have underlying cardiac disease that could increase her risk of CV mortality. In 
weighing the benefits and risks of suppressive therapy, the patient’s goal serum TSH 
is in the mildly suppressed range (0.1–0.50 mU/L). Given the proximity to the goal 
TSH in the low-normal range, the patient’s dose of levothyroxine was not adjusted.

Clinical Pearls/Pitfalls
• T4 suppressive therapy does not improve survival in patients with low-risk 

DTC though it may be beneficial in high-risk patients.
• Serum TSH targets in the long-term follow-up of individuals with DTC 

depends on the risk of recurrence, evidence of disease, and comorbidities.
• The elderly are at the high risk of developing complications from T4 sup-

pressive therapy, particularly atrial fibrillation and osteoporosis.
• Calcium and bisphosphonates may be useful in mitigating the risk of bone 

loss in postmenopausal women on suppressive doses of T4.
• The potential risks of adverse cardiovascular and skeletal effects are mini-

mized by targeting subnormal, rather than fully suppressed serum TSH 
levels (Table 17.1).
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Chapter 18
A Case with Postsurgical 
Hypoparathyroidism: Treatment Options

Jessica Pepe and Salvatore Minisola

 Case Presentation

A 59-year-old woman complaining of perioral and digital numbness/tingling was 
referred to our outpatient Mineral Metabolism Unit. One year before, she had a 
thyroidectomy for benign multinodular goiter. According to the pathology report, 
the surgical procedure resulted in the accidental removal of three parathyroid glands. 
After the thyroidectomy, the patient complained of mild paresthesias and tingling; 
her serum calcium level was 1.96 mmol/L (normal range 2.2–2.6 mmol/L). The 
patient was started on intravenous calcium gluconate, which provided relief from 
the symptoms. Two days after surgery, the patient was discharged with a calcium 
level of 2.20 mmol/L while on oral calcium (1 g/day) and calcitriol (0.50 mcg twice 
a day) therapy. After discharge from the hospital, the patient suffered diarrhea and 
experienced dyspepsia due to a previously diagnosed irritable bowel syndrome. To 
avoid the symptoms of hypocalcemia and dyspepsia, the general practitioner tried 
frequent modifications of both the calcium supplement and the calcitriol dosage. 
However, during the following six months, she had acute symptoms of hypocalce-
mia which brought her twice to the emergency room. Intravenous calcium gluconate 
was administered to relieve symptoms and achieve serum calcium levels of 2.0 
mmol/l. She was following her last prescription of calcitriol (1 mcg twice a day) and 
calcium carbonate 2000 mg per day when she came to our unit with symptoms of 
mild paresthesia. The thyroid function was well controlled on oral thyroxine.

As an outpatient, her initial laboratory tests were as follows: calcium 1.83 
mmol/L, phosphorus 2.41 mmol/L (normal range 0.8–1.45 mmol/L), parathyroid 
hormone (PTH) 5 ng/L (normal range 14–72 ng/L), and 24-h urinary calcium 14 
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mmol (normal range 1.25–10 mmol/24 h). On physical examination, she had no 
pathological signs, except both a positive Trousseau and Chvostek sign, which are 
signs of latent tetany. Indeed, tapping her facial nerve in front of the ear, just below 
the zygomatic arch, elicited the Chvostek sign, which is a momentary abnormal 
contraction of the ipsilateral facial muscles. By inflating the sphygmomanometer to 
a pressure higher than the systolic blood pressure and holding it in place for three 
minutes, we caused the Trousseau sign, which includes wrist flexion, interphalan-
geal joint extension, and thumb adduction. These clinical data were indicative of 
symptomatic postsurgical hypoparathyroidism which required an adjustment of 
therapy.

 Assessment and Literature Review

Since 2015, new data on the management of hypoparathyroidism has been pub-
lished [1–4] which has led to the creation of new statement on this topic by the 
American Thyroid Association (ATA) [5], new guidelines by the European Society 
of Endocrinology [6] and by a consensus of experts in the First International 
Conference on the management of hypoparathyroidism [7]. The interest on this 
topic has grown because patients are not always adequately treated, as shown by a 
recent survey on chronic hypoparathyroidism, which unveiled that 44% of patients 
were hospitalized at least once for hypocalcemia and 16% for hypercalcemia [8]. 
The majority of the patients in this study (87%) felt that an emergency card would 
be highly needed or useful [8].

 Definition and Prevalence

Hypocalcemia and absent or low levels of parathyroid hormone (PTH) are the major 
biochemical features of hypoparathyroidism. An increased renal calcium excretion 
and serum hyperphosphatemia as a result of the lack of PTH, which physiologically 
enhances renal tubular calcium reabsorption and increases phosphate excretion, are 
also present. Postsurgical hypoparathyroidism may occur after any type of neck 
surgery for several indications, but it occurs most frequently after a total thyroidec-
tomy [9]. When postsurgical hypoparathyroidism persists six months or more after 
the surgery, it is considered as a case of chronic hypoparathyroidism.

A recent systematic review investigated how hypoparathyroidism is defined and 
whether different definitions and selected thresholds for hypocalcemia affect the 
incidence: it confirmed that the incidence of hypoparathyroidism ranged from 0.0% 
to 20.2% due to the different definitions [10]. Overall, postsurgical hypocalcemia is 
clearly recognized as a very common medical problem worldwide, with little differ-
ence in epidemiological data across geographical areas, as recently reported in the 
USA [11], Denmark [12], Norway [13], Scotland [14], and Italy [15, 16].
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 Predictors of Post-thyroidectomy Hypocalcemia

Recently there has been a great deal of interest in identifying perioperative factors 
that can predict hypocalcemia in order to reduce hospitalization length.

No single factor may predict the occurrence of hypocalcemia, but a high-volume 
surgeon (who has performed more than 100 thyroidectomies) is likely to have a 
reduction in the number of cases of postsurgical hypoparathyroidism [17]. Also, the 
indication and extent of surgery is important: the central neck lymph node dissec-
tion is more frequently associated with hypoparathyroidism development, as well as 
intervention for Graves’ disease [18]. Autotransplantation of the parathyroid gland 
is an option, but data on the real effectiveness to reduce hypocalcemia are conflict-
ing [5, 18].

Measurement of PTH 4 hours after surgery is a good predictor of subsequent 
hypoparathyroidism, but no consensus on the threshold of the PTH level is currently 
available. Indeed, some studies proposed a cutoff for PTH of 10 pg/ml [19], while 
others 3.75 pg/ml for transient and 2.48 pg/ml for permanent hypoparathyroid-
ism [20].

A recent retrospective chart review study of 429 patients, who underwent total 
thyroidectomy, showed that the rate of drop in serum calcium and the postoperative 
serum calcium level remained the only significant predictors of symptom develop-
ment, after adjustment for other significant covariates. Using a receiver operating 
characteristics curve, a rate of calcium drop > 0.083 mg/dl/h, that is, 1 mg/dl over 12 
h, has a sensitivity of 71% and specificity of 73% for detecting hypocalcemic symp-
toms [21].

Vitamin D deficiency is another independent predictor of hypocalcemia [22], and 
preoperative vitamin D supplementation can reduce its occurrence [23].

 Therapy

The conventional therapy is based on calcium supplements and the active form of 
vitamin D (calcitriol), with the primary purpose of achieving a serum calcium level 
of 2 mmol/l and the absence of hypocalcemic symptoms [24]. Effective absorption 
of calcium carbonate, which is usually prescribed at a daily dose of 1000 mg subdi-
vided into two doses, requires an acidic environment. Alternatives that do not 
require a low gastric pH (such as calcium citrate) are recommended for persons 
taking acid-blocking therapy.

In the case of hypomagnesemia, a magnesium supplement should be adminis-
tered because magnesium regulates PTH secretion [7].

A recent meta-analysis of ten randomized controlled trials showed that calcium 
supplementation after surgery decreased the risk of transient postoperative hypocal-
cemia (OR 0.48 [95% CI, 0.31–0.74]; P < .001) but did not decrease the demand for 
intravenous supplementation or the rate of permanent hypocalcemia compared to no 
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treatment [25]. Another recent meta-analysis evaluated the effectiveness of routine 
postoperative administration of calcium with or without vitamin D3 compared with 
treatment based on serum calcium levels to prevent postoperative symptomatic and 
biochemical hypocalcemia after thyroidectomy [26]. Routine supplementation with 
calcium plus vitamin D3 reduced the risk of symptomatic and biochemical hypocal-
cemia (risk difference (RD) -0.25, 95% CI -0.32 to -0.18) compared to treatment 
based on the measurement of calcium levels [26].

Although routine treatment of hypoparathyroidism with oral calcium and cal-
citriol (from 0.25 mcg to 2 mcg subdivided into two doses daily) increases serum 
calcium, in the long term, it may be associated with ectopic calcification and hyper-
calciuria, as the lack of PTH increases renal leak of calcium [4].

An advance in the chronic management of hypoparathyroidism is the administra-
tion of PTH peptides. Before the approval by the FDA in 2015 of PTH 1-84 (injected 
subcutaneously once daily) for hypoparathyroidism, teriparatide was utilized in 
hypoparathyroid patients not responding to conventional therapy [4]. Teriparatide 
(PTH 1-34) is a PTH analog produced by recombinant technology, and it is usually 
prescribed for osteoporosis treatment at a dosage of 20 mcg injected subcutaneously 
daily for a maximum period of two years [4].

A systematic review of nine randomized controlled trials and two cohort studies 
demonstrated that recombinant PTH was effective for correcting serum calcium 
levels and significantly reduced the daily requirements of calcium and active vita-
min D supplements compared to placebo. Urinary calcium excretion was reduced 
with PTH 1-34 compared to conventional calcium and vitamin D supplements, but 
unchanged with PTH 1-84 [27].

A retrospective analysis of patients treated for 10 years with PTH 1-84 showed a 
stable restoration of the calcium parameters, with an approximate 50% reduction of 
the needed calcium supplement and a 75% reduction of the needed calcitriol [28]. A 
new sustained-release prodrug of PTH (1-34) was tested in phase I trial and phase II 
trial is ongoing [29].

Due to the high cost of PTH 1-84 therapy, only a subset of patients would ben-
efit from this treatment. An international consensus of experts, in 2016, suggested 
that this therapy should only be prescribed to patients with well-established, 
chronic hypoparathyroidism, with variable and inconstant control of the serum cal-
cium with frequent episodes of hypo- and hypercalcemia [7]. Patients with renal 
complications such as nephrolithiasis, nephrocalcinosis, or reduced creatinine 
clearance (eGFR < 60 mL/min); hypercalciuria and/or other biochemical indices of 
kidney stone risk are also considered appropriate candidates. Moreover, persis-
tently elevated serum phosphate and/or calcium phosphate product (higher than 
55  mg2/dL2 or 4.4 mmol2/L2) is considered an indication. Other indications are 
excessive amounts of oral medications required to control symptoms such as  
>2.5 g of calcium and/or > 1.5 mcg of active vitamin D daily, or both, and a gas-
trointestinal tract disorder that might lead to variable calcium and vitamin D 
absorption.
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A recent European Society of Endocrinology guideline advised the use of active 
vitamin D and calcium supplements as the primary treatment for long-term hypo-
parathyroidism [6]. The routine use of recombinant PTH in long-term hypoparathy-
roidism was not recommended due to the potential risk of osteosarcoma, as reported 
in rat studies. ATA statement suggested to use it only in specific cases of unrespon-
siveness to treatment [5].

 Long-Term Follow-Up

Patients with permanent hypoparathyroidism should receive appropriate follow-up 
care to monitor for long-term complications. Based on the international consensus 
of experts, biochemical evaluation of serum calcium and phosphorus should be per-
formed every six months in order to keep albumin-adjusted calcium in the lower 
range and avoid hyperphosphatemia. Renal function should be monitored annually 
with creatinine assessment together with 24-hour urinary calcium [7].

Biochemical surveillance is essential because a recent case-control study reported 
a positive association between a relatively high plasma phosphate level and/or a 
high calcium phosphate product and mortality, as well as risk of renal diseases and 
infections [30]. Despite biochemical evaluation, some complications such as renal 
impairment appeared to be related to conventional therapy. Recently, in a cohort of 
hypoparathyroid patients with a maximum follow-up of 12 years, a multivariate 
linear regression model showed a statistically significant (p=0.027) relationship 
between the duration of calcitriol treatment and renal function decline at a rate of 
1.06 ml/min/1.73 m2 per year of calcitriol therapy, while correcting for the mean 
calcium phosphate product and age [31].

Moreover, in a population study of 5000 patients who had undergone thyroidec-
tomy for benign diseases, followed for approximately 4.5 years, hypoparathyroid 
patients had an increased risk for renal insufficiency (hazard ratio, HR 4.88; 95% CI 
2.00–11.95) and any malignancy (HR 2.15; 95% CI 1.08–4.27). Those hypopara-
thyroid patients who already had cardiovascular disease at the time of thyroidec-
tomy had an increased risk for cardiovascular events during follow-up (HR 1.88; 
95% CI 1.02–3.47) [32].

 Management of the Case

The patient exhibited symptoms and biochemical features of permanent postsurgi-
cal hypoparathyroidism, unresponsive to the prescribed therapy.

Hypocalcemic symptoms are uncommon unless serum calcium level is below 2.0 
mmol/L (8.0 mg/dL) [4], although it is not known which calcium concentrations 

18 A Case with Postsurgical Hypoparathyroidism: Treatment Options



164

will trigger symptoms in any given person and whether the knowledge of this con-
centration is of clinical importance [4]. Symptoms probably depend on the degree 
and rapidity of onset of the hypocalcemia, ranging from mild paresthesias and tin-
gling to more severe cramps, tetany, seizures, laryngospasm, congestive heart fail-
ure, and arrhythmias due to prolonged QT intervals.

It is important to exclude other potential causes of hypocalcemia that might be 
potential causes of unsuccessful treatment. These include poor adherence, which 
was the case of the patient due to dyspepsia, which brought her to a seldom self- 
reduction of calcium supplements or the concomitant use of medication reducing 
calcium absorption (excluded in this particular case). Malabsorption is another 
potential cause, but tests for celiac disease, usually performed to clarify long-lasting 
hypocalcemia, unresponsive to therapy, were negative in this case as well as lactose 
intolerance test. Her previous diagnosis of irritable bowel syndrome was made 
based on her symptoms and negative upper and lower tract endoscopy. 
Hypomagnesemia was excluded. In some cases, treatment failure might also be due 
to the so-called hungry bone syndrome. This is caused by a rapid influx of calcium 
into the bones due to high bone turnover; it is a recognized cause of hypocalcemia 
following thyroidectomy for thyrotoxicosis; however, the patient had a preoperative 
TSH level of 1.27 mUI/L, thus excluding this possibility.

Due to the symptoms the patient experienced, she complained of a reduced qual-
ity of life; her poor adherence was unlikely to be corrected.

In fact, irritable bowel syndrome results in alternating episodes of diarrhea and 
constipation, together with dyspepsia; calcium supplements exacerbate these 
symptoms.

She was initially taking 2 grams of calcium and 2 mcg of calcitriol: her serum cal-
cium level was 1.9 mmol/L. She could not tolerate a higher dosage of calcium supple-
ments. A new regimen with PTH 1-84 (50 mcg) once daily was started. Simultaneously, 
the dose of calcium was reduced by 50%. The serum calcium concentration was moni-
tored within the first week of initiation and increased to 2.1 mmol/L. At the second 
week’s evaluation, calcitriol was reduced to 1.5 mcg daily. Her 24-hour urinary cal-
cium was 14 mmol/24 hour (normal range 1.25–10 mmol/24 h). She was already on 
a low-salt diet, and we tried to add hydrochlorothiazide 12.5 daily to avoid hyper-
calciuria, but the patient, who was normotensive, complained of hypotension. A 
further reduction of calcitriol to 0.50, twice daily, was proposed. Her serum magne-
sium was within the normal range.

After 4 weeks, laboratory evaluation showed a calcium level of 2.1 mmol/L and 
hypercalciuria with a 24 h urinary calcium of 11 mmol/24 h (normal range 1.25–10 
mmol/24 h).

After other 4 weeks, the biochemical parameters were satisfactory [serum cal-
cium, 2.20 mmol/L; serum phosphorus, 1.55 mmol/L (normal range, 0.75–1.45); 
24-h urinary calcium, 10 mmol (normal range 1.25-10 mmol/24 hours)].The patient 
was free of symptoms of hypocalcemia and physical examination showed negative 
Chvostek and Trousseau signs. Her quality of life, as reported by the patient, was 
improved.
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Chapter 19
A Patient with Postsurgical Recurrent 
Laryngeal Nerve Damage and Nerve 
Monitoring

David L. Steward and Adam D. Goodale

 Case Presentation

A 54-year-old female was referred for evaluation of an asymptomatic multinodular 
goiter with a 4 cm left-sided nodule that was cytologically suspicious for papillary 
carcinoma. She had no prior history of radiation exposure nor a family history of 
thyroid cancer. Thyroid function tests were normal. An ultrasound showed a large 
goiter with a dominant 4 cm left-sided nodule with mild left substernal extension 
without suspicious lymph nodes. A flexible laryngeal exam was performed which 
revealed symmetric, mobile vocal cords bilaterally. The patient desired a total thy-
roidectomy for treatment due to the size of the suspicious nodule and the presence 
of bilateral nodules. The risks of postoperative hypocalcemia, bleeding, and vocal 
cord paralysis were explained, and she was scheduled for surgery.

Several weeks later, the patient underwent a total thyroidectomy. Intraoperative 
nerve monitoring (IONM) was performed using an endotracheal tube-based elec-
trode. Her goiter was largest on the left and this was the initial side of surgery. The 
nerve stimulator was used to assist in confirming identification of the recurrent 
laryngeal nerve. After removal of the left lobe, the nerve stimulator confirmed the 
integrity of the recurrent laryngeal nerve. The right lobe was then dissected in a 
similar fashion. The nerve stimulator had a positive signal at the beginning of dis-
section; however, after the thyroid was removed, there was a loss of nerve signal. 
The position of the endotracheal tube was checked as well as the setup of the 
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remainder of the system. Despite troubleshooting, the nerve signal from the right 
recurrent laryngeal nerve (RLN) remained absent. Visually the nerve was grossly 
intact; however, palpation of the arytenoid failed to confirm nerve integrity with 
stimulation. The surgery was concluded and the patient was discharged home. She 
had no obvious voice disturbance immediately following surgery.

 Assessment and Literature Review

RLN damage is a potential complication following thyroid surgery. Despite 
advances in surgical technique, anatomical knowledge, and intraoperative nerve 
monitoring, the rate of RLN injury remains relatively high. A recent systematic 
review reported an incidence of temporary RLN palsy in 9.8% of thyroidectomies 
and permanent RLN injury in 2.3% [1]. Injury rates are even higher for cases of 
revision thyroidectomy, substernal goiter, and thyroid malignancy [2–5]. Surgeon 
experience has been shown to influence nerve injury with high-volume thyroid sur-
geons (those performing more than 100 thyroidectomies a year) having significantly 
lower nerve injury rates than lower-volume surgeons [6]. Vocal cord paralysis  is 
known to negatively affect both quality of life and work activity with symptoms of 
breathy dysphonia and dysphagia with unilateral injury, and stridor and airway 
obstruction with bilateral injury.

To accurately assess RLN function, a preoperative laryngeal exam is essential. 
Although some physicians reserve laryngeal exam for symptomatic patients, studies 
have shown a poor correlation between voice changes and vocal cord paralysis [7, 8]. 
Often patients will develop progressive paralysis over time with adequate contralateral 
vocal cord compensation to limit noticeable voice changes. In one study in particular, 
the authors performed routine laryngeal exam prior to thyroidectomy and noted that 
one-third of patients with preoperative vocal fold motion impairment was asymptom-
atic [7]. Thus, to accurately determine the presence of iatrogenic vocal cord paralysis, 
a preoperative baseline exam is necessary. In cases of thyroid malignancy, preopera-
tive RLN paralysis is highly predictive of invasive disease and thus alters surgical 
management and patient counseling [9]. Although there is variation among physician 
practices, an accurate assessment of preoperative laryngeal function is beneficial for 
both planning the extent of surgery and managing patients postoperatively [10].

 Mechanism of Nerve Injury

The intimate relationship between the thyroid and RLN places the nerve at risk for 
injury during surgical removal. The majority of RLN injuries are secondary to com-
pression, traction, devascularization, or thermal damage during thyroid removal, 
wherein the structural integrity of the nerve remains intact but with damage of its 
underlying neural elements. The RLN innervates the intrinsic muscles of the larynx 
and consists of a complement of nerve fibers for both abduction and adduction of 
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the vocal folds. Coordinated laryngeal function is highly dependent on each axon 
innervating its specific motor unit. When the RLN is damaged, the ultimate effect 
on laryngeal function, as well as prognosis for recovery, is dependent on the degree 
of nerve injury which has been categorized by Sunderland [11]. Neuropraxic inju-
ries are the least severe and are characterized by focal myelin damage without dis-
ruption of the axon leading to partial or temporary blockage of nerve conduction 
with a good prognosis for recovery. More severe damage results in disruption of the 
nerve axons, or axonotmesis, which leads to significant disruption of nerve conduc-
tion; however, the perineurium remains intact which improves the potential for 
functional recovery. Transection of the nerve, or neurotmesis, results in disruption 
of the axons, perineurium, and epineurium which is the most severe form of injury 
and carries the worst prognosis for recovery. The mechanism and extent of injury is 
important when considering prognosis for recovery and postoperative management.

The superior laryngeal nerve and branches of the RLN must be considered dur-
ing thyroidectomy. The external branch of the superior laryngeal nerve (EBSLN) 
traverses in an anteroinferior direction along the inferior constrictor muscle to 
innervate the cricothyroid muscle. Commonly the EBSLN is closely associated with 
the blood supply to the superior pole of the thyroid placing it at risk for injury dur-
ing ligation of these vessels. Damage to the EBSLN often limits the ability to 
achieve higher pitches as well as increased vocal fatigue. Patients with injury to the 
EBSLN typically have normal laryngeal exams which limit accurate determination 
of the incidence of nerve damage. Few studies, all with limited patient populations, 
have utilized EMG to evaluate postoperative cricothyroid function with incidence of 
EBSLN injury ranging from 5% to 58% [12, 13] (Figs. 19.1 and 19.2).
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(Reprinted from Ref. [33], 
Copyright 2021 with 
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Branches of the RLN prior to entering the larynx are also subject to inadvertent 
injury. Typically these consist of an anterior and posterior branch and are present in 
20–30% of patients [14, 15]. The anterior branch is primarily responsible for laryn-
geal muscle function, while the posterior branch contains mainly sensory nerve 
fibers but may occasionally innervate the posterior cricoarytenoid muscle. If branch-
ing is not identified, the posterior branch may be mistaken for the primary RLN with 
inadvertent transection of the anterior branch resulting in vocal cord paralysis. 
When present, the branches typically occur distally and are often identifiable at the 
level of Berry’s ligament; however, variation does exist. The presence of these 
extralaryngeal branches doubles the likelihood of postoperative vocal cord paralysis 
and should be identified and preserved when present [16]. Branches of the RLN to 
the esophagus and inferior constrictor may also be present and when injured can 
impair swallowing postoperatively. Thus, surgeons must maintain a sound knowl-
edge of anatomical variations to limit inadvertent injury to the various nerves in 
close approximation with the thyroid.
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superior laryngeal nerve 
(EBSLN) innervation of 
the cricothyroid muscle 
near the superior pole of 
the thyroid gland and the 
superior thyroid artery 
(Reprinted from Ref. [33], 
Copyright 2021 with 
permission from Elsevier)
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 Evaluating Recurrent Laryngeal Nerve 
Function Intraoperatively

Injury to the RLN is often difficult to assess intraoperatively. The nerve may appear 
intact to visual inspection, while there can be significant functional damage. Given 
the inability to assess nerve function, surgeons poorly predict postoperative RLN 
function with one study reporting as few as 10% of damaged nerves correctly identi-
fied intraoperatively [17, 18]. IONM  with nerve stimulation has several key bene-
fits, but its most notable is the ability to assess neural integrity in the operating room 
and better predict postoperative laryngeal function [19]. Most commonly, IONM is 
performed using an endotracheal tube-based surface electrode to continuously mon-
itor RLN integrity during thyroidectomy. Manipulation or electrical stimulation of 
the RLN is recorded by either an audio only system or a system with both audio and 
visual waveform data to notify the surgeon of evoked neural activity. While continu-
ous nerve monitoring can be useful, nerve stimulation has shown the most promise 
to improve surgical outcomes. Positive nerve stimulation is very sensitive for intact 
RLN function. However, a loss of signal is less specific for nerve damage, as this 
may be secondary to either technical issues or actual nerve damage. Efficient trou-
bleshooting is necessary to limit inappropriate loss of signal. When used by sur-
geons familiar with IONM, high specificity has been shown to be obtainable [19]. 
This is particularly valuable when planning a total thyroidectomy to limit the fre-
quency of bilateral RLN paralysis and its associated complications. When the RLN 
signal is lost on the initial side of surgery during a total thyroidectomy, some sur-
geons have started to postpone removal of the contralateral lobe. This change in 
surgical management resulted in a decrease in bilateral RLN paralysis from 17% to 
0% when the initial side of dissection resulted in a loss of RLN signal [20]. Since 
most RLN injuries are temporary in nature, a completion thyroidectomy can be 
performed, if necessary, once nerve function returns.

Although nerve stimulation is a useful tool to protect RLN integrity [21], visual 
nerve identification remains the gold standard for nerve protection [3, 22]. One of 
the main hopes for IONM was to further limit the frequency of RLN injury; how-
ever, this has yet to be clearly proven. Numerous studies have been published with 
varying results. A recent meta-analysis of 44 studies showed no statistical difference 
in RLN injury rates when comparing visual identification of the RLN to IONM 
[23]. Dralle et al. published a review of approximately 30,000 nerves at risk com-
paring visual identification versus nerve monitoring with no statistical decrease in 
RLN injury rates [2]. The only randomized clinical trial evaluating RLN injury rates 
and IONM did show a statistical benefit for ESBLN [24]. Other studies have shown 
benefit using IONM in more complex cases. Chan et al. showed decreased laryngeal 
nerve injury rates when using IONM for revision thyroidectomy and thyroidectomy 
for malignancy [4].

Despite the lack of evidence to support improved patient outcomes, the use of 
IONM has become increasingly popular over the past two decades. A recent survey 
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of endocrine surgeons showed that approximately 40% routinely use IONM, and 
this was most prevalent among high-volume surgeons (greater than 100 cases per 
year) and younger surgeons (age 35–44) [25]. Cost considerations are minimal 
given that nerve integrity monitoring endotracheal tubes cost approximately $200.

 Clinical Manifestations

A large majority of patients report voice and swallowing complaints after thyroid-
ectomy regardless of RLN function. One study reported that 80% of patients dem-
onstrated hoarseness and 54% reported dysphagia 1  week post-thyroidectomy 
despite normal RLN function [26]. These symptoms typically resolve over the first 
month postoperatively and are thought secondary to localized swelling, intubation 
trauma, or muscle injury. On the other hand, patients with RLN injury may not 
experience voice changes in the immediate postoperative period. Acute laryngeal 
edema from intubation trauma may create enough bulk for normal voice production; 
however, once swelling resolves, voice changes will become evident and often pres-
ent as a “breathy” voice due to insufficient glottal closure. In contrast, bilateral RLN 
paralysis is often apparent in the immediate postoperative period with acute onset 
stridor and airway obstruction. Dysphagia is more common in elderly patients with 
a few experiencing severe aspiration. Given the variety of symptoms, a routine 
laryngeal exam is required to definitively assess RLN function. This is typically 
performed between 1 and 8 weeks postoperatively and can be done by indirect mir-
ror exam, flexible fiber-optic laryngeal exam, or video laryngoscopy. There can be 
large variability in laryngeal findings in the setting of RLN injury. Some patients 
may have persistent voice changes in the setting of normal vocal cord mobility, 
while other patients will have a flaccid hemilarynx with significant glottic incompe-
tence. The degree of dysfunction is often related to the extent of nerve damage. The 
use of intraoperative corticosteroids has shown mild benefit in postoperative voice 
outcomes [27, 28]. In particular, using corticosteroids resulted in a shorter recovery 
time for temporary RLN paralysis when compared to placebo. The frequency of 
temporary RLN paralysis was also lower with intraoperative corticosteroids; how-
ever, this was not statistically significant. Intraoperative findings should be corre-
lated with laryngeal exam to assist with postoperative management, prognosis, and 
patient expectations.

 Management

The management of RLN injury is dependent on both the nature of injury and the 
severity of the patient’s symptoms. The majority of nerve damage is temporary with 
approximately 80–90% of patients experiencing full recovery within 6 months after 
surgery [2, 20, 29]. Limited improvement in function is expected after that time and 
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more definitive treatment may be necessary. Treatment options of unilateral RLN 
injury include voice and swallowing therapy, injection laryngoplasty, and laryngeal 
framework surgery. When the nerve is transected, management begins intraopera-
tively. For patients with bilateral RLN, paralysis management focuses on maintain-
ing a patent airway, most commonly with a tracheostomy. The appropriate treatment 
option should be individualized for each patient.

As with all peripheral nerves, the RLN has the ability for regeneration after 
injury. Post-injury laryngeal function is dependent upon reestablishing pre-injury 
innervation patterns. Misdirected nerve regeneration results in synkinesis or unco-
ordinated muscle contractions, leading to impaired laryngeal function. The degree 
of synkinesis is dependent upon the severity of injury and will dictate the expected 
return of function. Neuropraxic injuries maintain the integrity of each nerve axon 
allowing for similar post-injury innervation patterns. With more severe damage, as 
with axonotmesis and neurotmesis, newly created axons will likely reinnervate 
motor units dissimilar from pre-injury targets leading to varying degrees of synki-
nesis. Since laryngeal function and vocal cord motion are dependent upon a highly 
coordinated series of muscle contractions, synkinesis typically results in absent 
vocal fold motion. However, due to the predominance of adduction nerve fibers 
within the RLN, nerve fiber regeneration typically results in medialization of the 
larynx over time. This results in improved phonation and explains why many 
patients experience symptomatic improvement without intervention.

 Voice and Swallowing Therapy

Patients found to have unilateral vocal cord hypomotility or immotility should be 
referred to an otolaryngologist or speech pathologist for further evaluation and 
treatment. Video laryngoscopy can be performed to better characterize vocal cord 
motility, laryngeal muscle tone, and glottic closure. This initial assessment will 
establish an objective baseline to evaluate for improvement with various treatment 
options. In the setting of aspiration, speech pathologist can perform a modified bar-
ium swallow (MBS) study or a fiber-optic endoscopic evaluation of swallowing 
(FEES) to accurately assess the degree of aspiration. Furthermore, these studies can 
be used to determine an appropriate diet for patients and educate them on certain 
swallowing maneuvers to limit aspiration. Patients often benefit from swallowing 
with their head turned toward the affected side to improve glottic closure or tightly 
holding their breath while swallowing to encourage supraglottic closure and limit 
aspiration. Patients with persistent aspiration despite swallowing therapy may 
require additional intervention. When symptoms are limited to voice disturbance, 
patients should initially be managed conservatively with voice therapy. The goal of 
voice therapy is to improve glottic closure while avoiding unfavorable compensa-
tory maneuvers, such as supraglottic phonation. Voice therapy is most effective for 
patients with mild to moderate dysfunction and has been shown to decrease the need 
for surgical voice intervention [30]. Patients with severe dysfunction are more likely 
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to require surgical intervention; however, voice therapy can still be beneficial. 
Patients can expect improvement in voice as long as 6 months after surgery; after 
that time, surgical intervention may be required to further improve voice outcomes.

 Surgical Management

Surgical options for unilateral RLN paralysis consist primarily of injection laryngo-
plasty and laryngeal framework surgery. The goal of surgical augmentation is to 
improve phonation and glottic closure by medializing the paralyzed vocal cord to 
abut the contralateral functioning vocal cord during phonation and deglutition. 
Injection laryngoplasty is a useful tool for voice improvement and has become 
increasingly popular in the outpatient setting after recent advancements in fiber- 
optic laryngeal technology and improved injectable materials. Flexible transnasal 
laryngoscopy with distal chip cameras allows for high-definition laryngeal visual-
ization to ensure accurate injection. There are numerous injectable materials on the 
market, each with various benefits. Often, the choice of material is based on the 
desired duration of effect and surgeon preference. Commonly used materials 
include the following: carboxymethylcellulose (Radiesse Voice Gel), hyaluronic 
acid, collagen, calcium hydroxyapatite (Radiesse Voice), micronized dermis 
(Cymetra), and autologous fat. Injection laryngoplasty was previously reserved for 
patients who failed conservative voice therapy. However, recent studies have shown 
that early injection laryngoplasty, deemed within the first year of injury, can 
decrease the need for future open laryngeal surgery [31]. Injection laryngoplasty 
remains limited by its isolated effect on the vocal fold as well as its temporary dura-
tion of effect  – lasting approximately 6 months  – however, in numerous patient 
populations, its use can be highly beneficial. Injection laryngoplasty adds bulk to 
the paralyzed vocal fold allowing the contralateral mobile fold to make contact 
improving the voice. The procedure can be performed in the office under local anes-
thesia or in the operating room under general anesthesia. The beneficial effect usu-
ally lasts about 6 months often allowing time for the injured nerve to recover. It can 
be repeated or more permanent medialization performed if the nerve fails to recover 
and voice inadequate.

Patients with severe vocal cord dysfunction, or who fail injection laryngoplasty, 
can be treated with open laryngeal framework surgery. Paralysis of the RLN results 
in anterior, inferior, and lateral displacement of the arytenoid with associated short-
ening and lateralization of the vocal fold. While injection laryngoplasty is limited to 
modifying vocal fold volume, open procedures can modify arytenoid and vocal fold 
position in three dimensions which offers more predictable long-term results. In 
particular, these procedures can adjust vocal fold height, vocal fold tension, and 
arytenoid position. These procedures primarily consist of thyroplasty and arytenoid 
adduction. Other laryngeal framework surgeries that exist, including cricothyroid 
subluxation and adduction arytenopexy, however, are beyond the scope of this chap-
ter. Thyroplasty is performed by creating a window within the laryngeal cartilage at 
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the level of the vocal fold and inserting a solid material to medialize the vocal fold. 
Both Silastic and Gore-Tex are commonly used each with good biocompatibility. 
Although thyroplasty does not augment arytenoid position, it provides long-term 
vocal fold medialization with good stability over time. Arytenoid adduction uses a 
permanent suture to reposition the vocal process of the arytenoid into a more medial 
phonatory position. This procedure has the benefit of modifying arytenoid position 
in multiple dimensions to personalize the procedure for each variation in vocal cord 
position.

Management of a transected recurrent laryngeal nerve, either secondary to iatro-
genic injury or removal after malignant invasion, starts within the operating room 
[32]. In regard to malignant invasion, preference is given to attempted preservation 
of the RLN when vocal cord function is intact preoperatively and sacrifice of the 
RLN is necessary in the setting of preoperative vocal cord paralysis or encasement 
by tumor. When a transection injury is identified, reanastomosis should be attempted. 
Although normal vocal cord function is rare after neurorrhaphy, maintained neural 
input limits post-injury atrophy with increased bulk and medialization of the aryte-
noid for improved phonation. Typically the epineurium is reanastomosed using two 
or three interrupted sutures under microscopic guidance. When a segment of nerve 
is removed or there is significant retraction of the nerve, a local nerve transfer or 
cable graft may be required to limit tension at the anastomosis site. Most commonly, 
the ansa cervicalis is anastomosed to the distal end of the RLN for continued neural 
input. The ansa cervicalis is primarily active during respiration, deglutition, and 
phonation which is ideal for laryngeal reinnervation. The ansa cervicalis is also a 
good candidate for nerve transfer given its similar size to the RLN as well as the 
limited functional deficit when used. A cable graft can be performed using the great 
auricular nerve or other cervical sensory donor nerves as a bridge between the prox-
imal and distal ends of the transected RLN. This is less commonly used as it requires 
two neurorrhaphies which hinder nerve regeneration. Patients with a repaired RLN 
after transection have the potential for good voice outcomes; however, they may 
require static voice augmentation procedures, such as thyroplasty, for further 
improvement.

Although the frequency of bilateral RLN injury is relatively low, patients with 
post-extubation stridor or airway distress require immediate evaluation. A flexible 
laryngeal exam should be performed to visually assess the vocal cords. Initial man-
agement should focus on establishing a secure airway, typically by either reintuba-
tion or tracheostomy. Management of patients with permanent bilateral RLN injury 
is a balance between maintaining a patent airway and limiting aspiration. 
Tracheostomy remains the gold standard; however, other procedures, such as aryte-
noidectomy, cordotomy, and vocal cord lateralization, exist and should be individu-
alized for each patient.

Although care is taken to limit RLN injury, surgeons must be familiar with man-
agement options for patients with this operative complication. The majority of 
patients will experience spontaneous recovery over time and can be managed with 
conservative therapy. The remainder of patients may require more invasive therapy 
to limit aspiration and improve voice outcomes.
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 Back to the Patient: Outcome

One week after surgery, the patient was seen in the office for postoperative evalua-
tion. She reported having a “breathy” voice since surgery with associated voice 
fatigue. She denied difficulty with swallowing. A flexible laryngeal exam showed 
hypomotility of the right vocal cord. The patient was referred to speech pathology 
for voice therapy. She was seen in follow-up 3 months later with resolution of her 
voice complaints. A repeat laryngeal exam at that time showed symmetric vocal 
cord motility with improved phonation time.
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Chapter 20
A Case of Papillary Thyroid Cancer 
Without Aggressive Histological Features 
with a Nodal Metastasis Detected During 
Follow-Up in a Young Patient

Lucia Brilli, Tania Pilli, Furio Pacini, and Maria Grazia Castagna

 The Case

A19-year-old woman underwent a total thyroidectomy in 2014 for a suspicious nod-
ule; final pathology described a 1.4 cm papillary cancer, classical variant, with no 
extrathyroidal extension. No central neck dissection was performed. After surgery, 
30 mCi of radioiodine was administered. The first  follow-up visit documented 
absence of residual disease with undetectable serum thyroglobulin (Tg) and normal 
neck ultrasound.

During a subsequent follow-up visit (5 years after initial treatment), neck ultra-
sound showed a 7×7×9 mm thyroid bed nodule suspicious for recurrent disease; 
fine-needle aspiration (FNA) biopsy confirmed the presence of a lymph node metas-
tasis from papillary thyroid cancer. At that time, basal Tg was 1.1 ng/ml, rising to 
3.4 ng/ml after recombinant human TSH stimulation. A second course of radioio-
dine was administered at a dose of 150 mCi of 131I. The post-therapy scan showed 
no uptake in the neck. Her endocrinologist recommended surgery in the near future, 
and she came to our center to discuss whether this was necessary.
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 Assessment and Literature Review

In differentiated thyroid cancer, structural tumor recurrences in the post-surgery 
follow-up occur in about 1–2% of cases with an excellent response to initial therapy 
regardless of their initial risk stratification [1–6].

In the case of cervical lymph node recurrences, the management may include no 
therapy, compartmental lymph node dissection, radioiodine therapy, ethanol injec-
tion and radiofrequency or laser ablation. The final decision should be made after 
discussions involving the endocrinologist, the surgeon and the patient [7].

Roughly two-thirds of neck lymph nodes classified as indeterminate on ultra-
sound will spontaneously disappear after several months, so watchful waiting is 
appropriate for small indeterminate nodes. Overall, only a small proportion of these 
lymph nodes will grow over time, but no complication due to size increase has been 
reported during follow-up [8–10].

In particular, in a retrospective review of 191 patients with at least 1 thyroid bed 
nodule (≤11mm) over a median follow-up of 5 years, only 9% of patients had an 
increase in size of at least 1 nodule, with a low rate of growth (median 1.3 mm/year) 
[8]. Suspicious cervical lymph nodes left untreated also revealed a low rate of 
growth. After a median follow-up of 3.5 years, only 9% of them (15/166) grew at 
least 5 mm in the longest diameter, with a rate of growth of 1.5 mm/year with no 
associated disease-related mortality. Among the 15 patients, 7 underwent FNA 
biopsy, and cytology was consistent with papillary thyroid cancer in 5 cases [9]. In 
the most recent series a total of 113 lesions were followed up (18 thyroid bed 
masses, 95 lymph nodes). During surveillance (median 3.7 y), group with indeter-
minate lesions only had significantly lower rates than group with one or more 
lesions classified as suspicious of lesion growth, defined as >3 mm in the largest 
diameter (8% vs. 36%, P = .01) and persistence (64% vs. 97%, P = .014) [10].

Unfortunately, no prospective and randomized trials with longer follow-up have 
compared the outcome of recurrent lymph node metastases treated by surgery or 
untreated.

Based on the most recent studies and reviews, the 2015 ATA guidelines stated 
that smaller lesions (<8 mm in the smallest diameter for central neck nodes and 
<10 mm for lateral neck nodes) probably can be best managed with active surveil-
lance with serial ultrasound complemented by neck CT scans, reserving FNA and 
subsequent surgical intervention for documented structural disease progression [7].

Apart from size, other factors such as the patient’s emotional status, lymph node 
location (near or not to vital structure), the functional status of vocal cords, the 
patient’s comorbidities, histology of primary tumor, and Tg doubling time should be 
taken into account in the decision to operate. In selected cases, metastatic nodes 
greater than 8–10 mm in the shortest diameter may be followed without interven-
tion, selecting for surgery those patients in whom there is disease progression dur-
ing follow-up. This is probably mainly feasible in case of indeterminate rather than 
suspicious neck lesions, where there is the possibility of a disappearance of abnor-
malities during follow-up [10].
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In the case of larger lymph nodes, surgery is the preferred approach. The experi-
ence of the surgeon and the risks associated with a second surgery (mostly when the 
lymph node is localized in a compartment previously dissected) should be taken 
into account. Compartmental surgery is recommended over “berry picking”, due to 
the high risk of recurrence and higher morbidity in case of re-operative surgery. 
Careful neck dissection in experienced hands has been associated with short-term 
decreases in serum Tg levels in 60–90% of patients, while undetectable serum Tg 
was obtained in only 30–50% [11–13]. However, most series suggest that surgery 
results in the disappearance of structural disease in over 90% of patients [14]. 
Recently a retrospective study, analyzing efficacy, safety and prognostic factor of 
first neck re-operation in differentiated thyroid cancer, demonstrated that only age 
>45 years, aggressive histology and >10 N1 at re-operation were independent risk 
factors of secondary relapse [15].

 Back to the Patient

The patient was reassured that her thyroid bed nodules could be closely monitored 
until there was evidence of progression. Serial neck ultrasound was then performed 
with a gradual increase in size of the thyroid bed nodule (9×11×17 mm vs. 7×7×9 
mm). After 5 years, it was decided to perform a compartmental level VI dissection. 
Final pathology was consistent with a lymph node metastasis from a papillary thy-
roid cancer. Six months after the surgery, serum Tg was undetectable and neck 
ultrasound was negative. She was considered to be in clinical remission and has 
been followed with annual Tg and neck ultrasound.

Clinical Pearls
• In differentiated thyroid cancer, structural tumor recurrences in the post- 

surgery follow-up period occur in about 1–2% of patients with an excellent 
response to initial therapy regardless of their initial risk stratification.

• Suspicious central neck nodes ≥8 mm and lateral neck nodes ≥10mm in 
the smallest diameter should be considered for surgical removal while 
indeterminate neck lesions in selected cases could be managed with 
follow-up.

• Suspicious, but small, stable cervical lymph nodes may be followed with 
serial ultrasound without intervention.

20 A Case of Papillary Thyroid Cancer Without Aggressive Histological Features…
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Chapter 21
A Patient with a Large Hürthle Cell 
Carcinoma of the Thyroid and Nodal 
Metastases

Leonard Wartofsky

 Case

A 67-year-old man was referred to our endocrine clinic by his primary care physi-
cian for the management of a 5.6 cm thyroid nodule in the left lobe with a recent 
fine-needle aspiration (FNA) cytology interpreted as an indeterminate diagnosis 
favoring a follicular neoplasm, otherwise unspecified (Bethesda class IV). A repeat 
FNA was sent for mutational analysis by ThyroSeq, and a mutation in the RAS sub-
family (HRAS) was found. The patient was referred for thyroidectomy. Preoperative 
ultrasonography confirmed the left lobe nodule which was hypoechoic with irregu-
lar margins and lacked any calcification, and there was suspicion for involved lateral 
neck lymph nodes. Fine-needle aspiration of the suspicious lymph node confirmed 
thyroid cancer, and he underwent a total thyroidectomy and central and modified 
left neck dissection. The surgical pathology described a 6 cm poorly encapsulated 
tumor with both local invasiveness with extrathyroidal extension and vascular inva-
sion at eight identified sites. The predominant cell type was oncocytic or oxyphilic 
with microfollicle formation consistent with a Hürthle cell carcinoma. Extrathyroidal 
extension was evident with several implants of tumor ranging from 2 to 11 mm in 
the lateral neck; 6/12 lymph nodes from Level VI and 12/31 lymph nodes from left 
Levels II and III were positive for metastatic tumor [Stage IVA (T4, N1B, MX)] 
(Fig. 21.1).
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 Hürthle Cell Carcinoma: Literature Review

Some thyroid tumors with predominant oncocytic cytology may be benign or so- 
called Hürthle cell adenomas [1]. Based upon postoperative surgical pathology, the 
risk of carcinoma in a nodule with FNA cytology read as Hürthle cell neoplasm 
ranges from 10% to 45 % in various series [2]. The likelihood that such a nodule is 
a carcinoma increases with nodule size [3] with approximately 50 % of tumors 
>4 cm and 100 % of tumors >6 cm being malignant [4]. In addition to tumor size, 
other factors associated with malignancy are male sex, age >65, and highly elevated 
serum levels of thyroglobulin (Tg) [5], but cancer is still common but less frequent 
when Tg levels are <500 ng/mL [6]. One recent study [7] suggests that whole- 
transcriptome sequencing may distinguish between benign and malignant Hürthle 
cell tumors with the finding that CHL 1 (Close homolog of L1) is overexpressed in 
these cancers.

In this patient, the finding of a RAS mutation on the fine-needle aspirated mate-
rial constituted an additional motivation for proceeding to total thyroidectomy [8]. 
Although a reading of follicular lesion of uncertain significance (FLUS) carries a 
low risk of malignancy of 5–20 %, in this patient the interpretation as follicular 
neoplasm (FN; Bethesda class IV) carries a somewhat higher risk of 20–30 %, and 
the large size of the nodule implies an even higher risk [9]. In one study, 87/513 
(17%) of indeterminate nodules on FNA had a positive mutation, and 70 % of these 
were RAS point mutations as in our patient [10]. In contrast to our patient who had 
a Hürthle cell carcinoma, most RAS-positive thyroid cancers are papillary thyroid 
cancers and tend to have a good prognosis [11]. However, other mutations could be 
present in this patient’s tumor with the first-generation ThyroSeq analysis employed 
having possibly provided a false-negative result. The Afirma (Veracyte) first-gener-
ation gene expression classifier is known to provide false-positive results in Hürthle 
cell tumors [12].

Fig. 21.1 Magnetic 
resonance imaging (MRI) 
of patient’s neck 
demonstrating lymph node 
metastases in the left 
neck (arrow)
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Sonography cannot reliably predict which nodules may be carcinoma as these 
lesions may present a wide variety of sonographic findings [13], but typically will 
lack micro- or macrocalcifications. Current guidelines of the American Thyroid 
Association [14] do not recommend screening thyroid nodules with FDG-PET 
scans, but thyroid nodules found incidentally to be positive on PET scan warrant 
FNA cytology to rule out malignancy. Because there is a correlation between PET 
positivity and clinical aggressiveness of tumors, Hürthle cell carcinoma is likely to 
be positive on FDG-PET [15] and was recently also found to be positive on an 18-F 
DOPA PET scan [16].

Hürthle cells are often present in Hashimoto’s thyroiditis, and the presence of a 
Hürthle cell lesion in a thyroid gland involved with Hashimoto’s thyroiditis can 
present a difficult challenge [17]. A Hürthle cell variant of follicular thyroid cancer 
was first described in 1928 on the basis of the distinctive cellular features of oxy-
philic cells with abundant cytoplasm that lack any of the typical cytologic features 
of papillary thyroid carcinoma such as nuclear pseudoinclusions. Earlier studies 
identified similarities between classic follicular thyroid carcinoma and Hürthle cell 
cancers and classified both as either minimally invasive with less than four foci of 
capsular invasion or widely invasive [18]. However, while Hürthle cell cancers pre-
viously were considered a variant of follicular thyroid carcinoma, the recent WHO 
classification of endocrine tumors [19] distinguishes Hürthle cell cancer as a unique 
entity from follicular thyroid cancer based upon both molecular differences in the 
tumors [20, 21] as well as their clinical behavior and response to therapy [22].

In general, both Hürthle cell and follicular thyroid cancer are more likely to 
metastasize to distant sites like the lung and bone via vascular invasion and hema-
togenous spread, than to local or regional lymph nodes as is typical of papillary 
thyroid cancer. But the presence of involved lymph nodes in our patient constitutes 
an independent predictor of reduced disease-free survival [23]. Moreover, Bishop 
et al. [24] noted that locoregional soft tissue metastases may be more characteristic 
of this tumor than lymph node metastases. A more aggressive, poorly differentiated 
variant of Hürthle cell cancer has been described as well in 6% of oncocytic tumors 
which histologically demonstrate extensive angioinvasion and coagulative tumor 
necrosis with a high likelihood of distant metastases [25].

Whether the prognosis of small, fully encapsulated minimally invasive Hürthle 
cell cancers may be excellent is controversial, with one recent study indicating sig-
nificant risk of residual or recurrent disease [26]. On the other hand, the ATA guide-
lines [14] suggest that tumors with only capsular invasion or which demonstrate less 
than four foci of vascular invasion can be considered as having low risk of recur-
rence and therefore could be treated more conservatively and there is some support 
for this approach [27]. However, because Hürthle cell cancer tends to carry a poorer 
prognosis [28, 29], I would want to thoroughly exclude residual disease by all diag-
nostic means available, as well as committing to careful long-term follow-up, before 
abandoning treatment such as radioiodine in a patient with Hürthle cell carcinoma 
considered to be “low risk.”
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The more invasive types of Hürthle cell cancer such as the solid or trabecular 
subtypes are more aggressive, and their course is often marked by both locoregional 
and distant metastases [20, 30, 31]. Identification and classification of the degree of 
invasiveness is critical to the determination of how aggressively therapy is to be 
implemented. Unfortunately, a large proportion of Hürthle cell cancers do not trap 
radioiodine, and even those that may demonstrate 131-I uptake tend to be less radio-
sensitive than are papillary thyroid cancers. Chindris et al. [32] observed that very 
few patients with lung metastases demonstrated 131-I uptake and the worst out-
comes were seen in males with Stage III or IV disease. Nevertheless, in contrast to 
the general consensus, and based on an analysis of clinical outcomes in 485 patients 
with follicular thyroid cancer and 73 patients with Hürthle cell cancer, Sugino et al. 
[33] concluded, as have other investigators [34, 35], that the Hürthle cell cancer 
patients may fare no worse in regard to prognosis. The belief that Hürthle cell 
tumors do not take up 131-I, without confirmation by performance of an 131-I scan, 
may explain why many patients with these tumors are not so treated. Jillard et al. 
[36] surveyed reports of 1909 patients and discovered that only 60.9% were treated 
with 131-I. In our view, radioiodine avidity should be assessed, and, when present, 
therapy can be associated with improved survival [36].

 Management of the Patient

Postoperatively, the patient was started on levothyroxine 0.15 mg/day and placed on 
a low-iodine diet in preparation for diagnostic radioiodine scanning and potential 
remnant ablation. At 4 weeks postsurgery when his serum TSH level was 0.38, his 
serum Tg measured 1224 ng/mL, and after preparation with recombinant human 
thyrotropin (rhTSH; Thyrogen®), an iodine-123 scan indicated moderate uptake in 
the right thyroid bed and faint uptake in three foci in the left lateral neck and one 
focus in the anterior mediastinum. The scan results prompted repeat ultrasonogra-
phy of the neck which indicated either nodules or suspicious lymph nodes in the left 
neck. Magnetic resonance imaging (MRI) [37, 38] confirmed the lesions which 
appeared to correlate with the foci of radioiodine uptake on the isotopic scan, and 
the patient was referred back to his surgeon. A repeat left lateral neck compartmen-
tal node dissection was performed with removal of 18 additional lymph nodes, 9 of 
which were positive for metastatic tumor. At 3 months after his original surgery, his 
serum Tg was 88 ng/mL with a TSH of 0.03. He was again placed on a low-iodine 
diet, and after 2 weeks, he was treated with an activity of 175 mCi radioiodine 
facilitated by rhTSH preparation. His posttreatment total body scan revealed only 
modest uptake of iodine-131 in the mediastinum, and it is anticipated that he may 
need to be treated with external radiotherapy [39] which has shown benefit in some 
series [40], or local interventional ablation [41, 42] should persistent locoregional 
disease be documented. There are no published evidence-based guidelines for the 
continued management of this patient, and our plan will be for monitoring serum Tg 
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every 3 months with a rising Tg constituting the signal to employ neck ultrasound 
and PET/CT imaging to identify structural disease and any indication for additional 
intervention.
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Chapter 22
A Case of a Large, Invasive PTC 
with Gross Residual Disease (pT4) After 
Surgery

Meredith Giuliani and James Brierley

 Case Presentation

A 62-year-old previously healthy man presented with a slowly enlarging right neck 
mass associated with progressive hoarseness over a 3-month period. He denied neck 
pain, or difficulty swallowing or breathing. His family physician ordered a neck 
ultrasound that confirmed a 4 cm mass in the right thyroid lobe, and he referred the 
patient to a head and neck surgeon. In addition to the palpable mass, on flexible 
nasopharyngoscopy, he had a paralyzed right vocal cord. Computed tomography 
(CT) scan of the neck confirmed a 4 cm mass in the right thyroid lobe with possible 
extrathyroidal extension posteriorly toward the tracheoesophageal groove and sev-
eral suspicious right-sided lymph nodes (Fig, 22.1a). A fine needle biopsy of the 
thyroid mass confirmed the diagnosis of papillary thyroid cancer (Bethesda Class 
VI). The patient was treated with a total thyroidectomy and right central and lateral 
neck dissections. The tumor involved the right cricothyroid joint, and gross disease 
was left in situ as it was not resectable without significant functional impairment. 
The final pathology was a 4.0 cm angioinvasive papillary carcinoma with extrathy-
roidal extension and positive margins; 4 of 51 lymph nodes were involved: 3 from 
level VI and 1 from level IV. The final stage was pT4a N1b. Postoperatively he 
received 125 mCi (4.62 GBq) of 131I and was placed on suppressive doses of levo-
thyroxine. His post-therapy radioiodine scan showed two foci of uptake in the thy-
roid bed, possibly representing residual disease. There was no evidence of distant 
disease.
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 Literature Review

Most patients with differentiated thyroid carcinoma (DTC) are treated by complete 
surgical excision (thyroidectomy or hemithyroidectomy) and, depending on the risk 
of recurrence, may receive postoperative radioiodine (131I ) combined with TSH 
suppressive therapy. Both of these therapies have been reported to reduce locore-
gional recurrence and improve disease-specific survival in higher-risk patients [1].

Locally advanced DTC with extrathyroidal extension is an uncommon clinical 
scenario, although more frequent in older patients, especially men. It can be a sig-
nificant management challenge if it recurs, as uncontrolled cancer in the neck can 
be devastating with laryngeal, tracheal, and esophageal obstruction, skin ulceration 
and necrosis, and even carotid artery rupture. Surgery and postoperative 131I may not 
adequately control persistent cervical disease. Consequently, additional treatment 
with external beam radiotherapy (EBRT) may be beneficial. However, there is a lack 
of evidence from randomized trials to guide its use and confirm its benefit. The only 
randomized trial comparing observation with EBRT was in patients with pT3/4 
pN0/1 with DTC, and it closed early due to poor patient accrual with enrollment of 
many patients with lower-risk disease who were unlikely to benefit from EBRT [1, 2].

With the lack of data from randomized trials, institutional cohort studies have 
been used to inform management. One series reported a 5-year locoregional control 
rate with EBRT for patients with clear or microscopic margins was 89%, compared 
to a 69% rate of control in those with macroscopic residual or unresectable disease 
[3]. Our own data have shown that EBRT in older patients (age >60) with extrathy-
roidal extension (ETE) have a significantly improved 5-year local relapse-free rate. 
Pertinent to this patient, the study showed that in patients with postoperative gross 
residual disease treated with radiotherapy, the 10-year cause-specific survival and 
local recurrence-free rates were 48% and 90%, respectively. These data demonstrate 
clearly that even though local disease can be controlled with EBRT, patients con-
tinue to die from distant metastatic disease [4]. More recently, a retrospective cohort 
study of patients with T4a disease treated with RAI with or without EBRT reported 

Fig. 22.1 Staging CT images. (a) preoperative CT, the red arrow indicates the mass in the right 
lobe of the thyroid; (b) a postoperative CT, the red arrow indicated the area of gross residual disease
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worse locoregional control with RAI alone compared to RAI and EBRT. Patients 
with only recurrent nerve invasion did not routinely undergo EBRT, and RAI alone 
appeared to give good disease control. However, RAI was insufficient if there was 
tracheal perichondrium or esophageal muscularis involvement, and these patients 
appeared to benefit from EBRT [5]. It is unclear whether any of the study patients 
with RLN invasion had gross residual disease after surgery as did our patient. 
Although concurrent chemoradiation is standard therapy in the management of 
squamous cell cancers of the head and neck, differentiated thyroid cancer is not 
generally regarded as sensitive to conventional chemotherapy. Therefore, concur-
rent chemoradiation has not been frequently utilized in the treatment of differenti-
ated thyroid cancer. However, in 1 report of 66 patients with advanced nonanaplastic, 
nonmedullary thyroid cancer, a median survival of 42 months was reported. The 
local relapse-free rate was 90% following chemoradiation and 73% with radiation 
alone. This difference was not statistically significant and the numbers small, only 
21 patients having had chemoradiation. Further, the local control rate with EBRT 
was somewhat low compared to other studies in the pooled analysis discussed 
below. Therefore, more data are required before chemoradiation can be routinely 
recommended for these patients [6].

A larger study of 254 patients from 18 French institutions identified 254 patients 
who had T3 or T4 disease, nodal disease, or positive surgical margins. A propensity 
score analysis was performed, and EBRT resulted in reduced locoregional failure 
but not overall survival [7]. In a systematic literature review of the role of EBRT in 
differentiated thyroid cancer, 16 articles met the authors’ initial criteria for review. 
This resulted in a pooled population of 5114 patients. In the 13 studies that reported 
local regional recurrence rates, the recurrence rate was 20% without EBRT but only 
13% with EBRT. In a pooled quantitative analysis of 8 studies with detailed infor-
mation of 2388 patients, the mean recurrence rate in patients receiving EBRT 
regardless of stage or residual disease status was 8%, and in those who did not 
receive EBRT, it was 25%, a statistically significant difference (p = 0.03). The 
authors concluded that there was an improvement in local regional control follow-
ing EBRT in high-risk patients over age 45 [8].

The 2009 ATA guidelines recommend consideration of EBRT in patients older 
than 45 years with gross extrathyroidal extension and high likelihood of micro-
scopic residual disease. The more recent 2016 American Thyroid Association 
guideline is not so specific, but comments that for tumors that invade the upper 
aerodigestive tract, surgery combined with additional therapy such as RAI and/or 
EBRT is generally advised [1, 9]. The United Kingdom guidelines recommend that 
EBRT should be considered in addition to RAI in patients with unresectable tumors 
and where there is residual disease after surgery even if the residual tumor concen-
trated RAI [10]. The American Head and Neck Society has stated that EBRT is 
recommended for patients with gross residual or unresectable locoregional disease, 
except for patients <45 years old with limited gross disease that is RAI-avid and that 
a higher age cutoff would be appropriate [11].

It is our policy to recommend EBRT in patients over age 50 with gross residual 
disease after surgery or with extrathyroidal extension that invades posteriorly into 
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the tracheoesophageal groove that is unlikely to be controlled by 131I and in whom 
salvage surgery may require an ablative surgical procedure such as laryngectomy 
(T4a or T4b). Patients with minimal ETE (T3) with positive margins or ETE that 
invades anteriorly into the strap muscles can usually be resected with clear margins 
and do not require EBRT. Patients with only recurrent laryngeal nerve involvement 
that is resected with no gross residual disease, as suggested by the report from MD 
Anderson discussed above [5], may not benefit from EBRT. We rarely recommend 
EBRT in younger patients unless they have T4b disease.

Minimizing toxicity is important. Toxicity is related to both radiation dose and 
the tissue volume irradiated. Larger elective target volumes have the potential to 
reduce recurrence, but are associated with increased toxicity. Structures of particu-
lar concern include the parotid glands, the pharyngeal constrictors, and the mandi-
ble. Our usual radiation volume includes the surgical thyroidectomy bed and nodal 
levels III, IV, and VI and part of level V, extending from the hyoid bone superiorly 
to the aortic arch inferiorly. Other centers use larger volumes which may result in 
fewer nodal recurrences but greater toxicity. We reported 90% local relapse-free 
rate in our series [7], and we do not think that target volumes need to be extended.. 
Intensity-modulated radiotherapy (IMRT) allows more sparing of normal tissues 
than 2D or 3D conformal radiation techniques. In randomized studies in squamous 
cell carcinomas of the head and neck, IMRT reduced side effects and improved 
quality of life and may confer a survival advantage [7].

It is our institutional policy to deliver 60Gy in 30 fractions to the thyroid bed and 
areas of surgical dissection if there is concern for microscopic residual disease and 
54Gy in 30 fractions to undissected areas at risk of microscopic disease. In the case 
of gross residual disease, a dose of 66Gy in 33 fractions is given, plus a margin for 
uncertainty with 56Gy in 33 fractions to the areas at risk of microscopic disease. A 
preoperative CT scan with contrast is a great aid in planning any postoperative radi-
ation therapy that may be contemplated, as well as being helpful to the surgeon in 
planning the operation. In our institution, surgeons routinely perform CT scans with 
contrast in any patient with a potential T4 tumor (a large mass, pain, or, as in the 
case described, hoarseness). Previously, concern has been expressed that the use of 
iodinated contrast may interfere with the effectiveness of 131I by reducing uptake. 
However, with modern water-soluble contrast media, only a 1- or 2-month delay is 
required for the urinary iodine levels to normalized, which is not an undue delay. 
Although in theory EBRT could reduce the uptake and effectiveness of 131I, there is 
no good evidence to support this. It is our preference to give 131I and then perform 
postoperative CT scans after the post 131I therapy scan and reassess the extent resid-
ual of disease using all imaging modalities. A PET scan, if available, may provide 
additional information. If, however, there is concern about the extent of local dis-
ease that may cause an oncological emergency without control of that disease, such 
as gross residual disease after spinal cord decompression, then we will give EBRT 
before 131I therapy.
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 Management of the Patient

His postoperative CT scan showed a 5 mm area of likely residual disease in the right 
thyroid bed (Fig. 22.1b). He was treated with 66 Gy in 33 fractions of radiotherapy 
to the area of gross residual disease and 60Gy in 33 fractions to the thyroid bed and 
bilateral necks with an IMRT plan (Fig. 22.2). The patient experienced a 7% weight 
loss during radiotherapy as well as Radiotherapy Oncology Group (RTOG) grade 2 
mucositis, esophagitis, laryngitis, and skin reactions. He was supported throughout 
treatment without a feeding tube. He has subsequently made a full recovery and is 
able to tolerate a normal diet. He does not experience xerostomia and remains free 
of local recurrence 5 years later. He has however developed small microscopic pul-
monary nodules with a rising serum thyroglobulin and negative 5 mCi 131I whole- 
body scan which are being followed.

Clinical Pearls/Pitfalls
• Gross residual disease following surgery for differentiated thyroid cancer 

is a complex clinical situation requiring multidisciplinary input and 
management.

• EBRT can increase locoregional control and possibly survival in older 
patients with extrathyroidal extension and with gross residual disease, but 
the risk of distant relapse remains.

• The ideal dose and treatment volumes remain uncertain.
• IMRT provides an improvement in the toxicity profile and possibly even 

survival.

Fig. 22.2 Radiotherapy plan. (a) The green represents the gross tumor volume (GTV), red the 
high-risk tumor volume (HTV), dark blue the clinical target volume (CTV)66, and light blue the 
CTVs60; (b) the addition of the radiotherapy isodose lines 66Gy in light orange, 60Gy in green 
yellow, and 57Gy in yellow

22 A Case of a Large, Invasive PTC with Gross Residual Disease (pT4) After Surgery
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Chapter 23
A Patient with Papillary Carcinoma 
of the Thyroid with Elevated Serum 
Thyroglobulin but Negative Imaging 
Studies

Leonard Wartofsky

 Case

A 39-year-old woman presented to our office for a first visit having recently moved 
to the area. She had presented in 2008 with a neck mass which on FNA biopsy was 
suspicious for papillary thyroid carcinoma (Bethesda class V), leading to a total 
thyroidectomy in early 2009. The surgical pathology revealed a 3.5 cm classic pap-
illary cancer, with 2/6 central compartment nodes and 5/11 right lateral lymph 
nodes positive for metastasis, with report of tumor to the surgical margin and mini-
mal extrathyroidal extension (pT3, N1b, Mx—stage I according to AJCC/UICC 
TNM staging system, eighth edition). She received 90 mCi of radioiodine in April 
2009. Her course until the present time had been one of repeated measurable serum 
thyroglobulin (Tg) ranging from 8 to 20 ng/mL on TSH suppression without any 
success in localizing the source of the Tg by imaging studies. Anti-Tg antibodies 
were negative. Since 2009, she had undergone annual ultrasonography of the neck, 
neck and chest CT scans on two occasions, MRI of the neck on two occasions, and 
recombinant human TSH (rhTSH; Thyrogen®)-stimulated iodine-131 scans on two 
occasions, all without identification of tumor. On two occasions, mildly suspicious 
lymph nodes in both the right and left neck underwent ultrasound-guided FNA for 
cytology and Tg measurement of the aspirate, but both were negative. She is well 
educated, well read on her disease, concerned about the continuing measurable lev-
els of Tg, and asked if there are any other diagnostic or therapeutic options.
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 Assessment

The case illustrates a patient with a biochemically incomplete response to treatment 
(i.e., persistent measurable Tg levels) but no evidence of structural disease. Ruling 
out the possibility of stable iodine contamination negating radioiodine uptake, we 
can explain the fact that her residual tumor is not seen on ultrasound, CT, MRI, or 
iodine-131 scans either because the tumor deposits are small and below the detec-
tion sensitivity of the various imaging modalities or because the tumor has dedif-
ferentiated and is no longer taking up iodine. She is anti-Tg antibody negative, and 
there should be no reason for an artifactually or falsely elevated serum Tg.

 Relevant Literature

The current guidelines of the American Thyroid Association (ATA) [1] suggest that 
imaging with 18F-fluorodeoxyglucose (FDG) positron emission tomography (PET) 
coupled with a CT scan should be considered in patients in whom the serum Tg is 
elevated to >10 ng/ml and the usual iodine-131 diagnostic scan is negative. Studies 
have confirmed the efficacy of FDG-PET scanning when radioiodine uptake is 
absent [2, 3]. Leboulleux et  al. [4] performed a meta-analysis of a total of 789 
patients in 25 separate studies who were without radioiodine uptake for whom the 
sensitivity of FDG-PET/CT was found to be 83% and the specificity was 84%. 
FDG-PET/CT imaging may be enhanced with TSH stimulation [5] and is most 
likely to be helpful with larger tumors that have dedifferentiated, i.e., lost ability to 
trap radioiodine. Similarly, FDG-PET-positive tumors tend to have a significantly 
worse prognosis due in large part to the absence of RAI uptake that precludes ther-
apy with radioiodine [6].

Given the situation of measurable Tg but negative imaging, obtaining an FDG- 
PET/CT scan would be advisable and consistent with the recommendations in the 
guidelines. Should the latter imaging disclose a locoregional metastasis or any 
localizable lesion, the therapeutic options to be considered include surgical exci-
sion, local ablative therapy such as radiofrequency or thermal ablation under CT 
guidance [7], or empiric radioiodine therapy (in spite of the prior history of little 
uptake). RAI has been given in this clinical scenario [8] to patients with ostensibly 
no RAI uptake on preliminary diagnostic scans with a demonstrable salutary effect 
in perhaps a third of patients who demonstrate positive uptake on a post-therapy 
scan and a subsequent fall in serum Tg, but such empiric therapy has not been 
shown to be successful in the majority of studies [9–12]. The sensitivity of FDG- 
PET/CT scanning may be improved by TSH stimulation (by either rhTSH or thy-
roid hormone withdrawal) [5], and sensitivity of FDG-PET/CT is greatest when Tg 
levels are elevated to >10 ng/ml, either with or without TSH stimulation [1]. Because 
iodine-124 emits a positron and can be imaged by PET scanning and shares the 
same radio-pharmacokinetics as iodine-131, studies have suggested that iodine-124 
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PET may be more useful for the identification of metastatic lesions than FDG- 
PET. Moreover, when positive, the presence of radioiodine avidity suggests an 
opportunity for RAI therapy with iodine-131 [13, 14]. When the iodine-124 is given 
in low doses (~2 mCi), stunning of the tumor tissue, thereby decreasing the efficacy 
of subsequent iodine-131 treatment, has not been considered a problem [15]. It 
should be emphasized that just because tumor deposits take up RAI does not mean 
that the tumor is radiosensitive and will be destroyed by therapy [16], especially in 
those tumors that are FDG avid. Finally, should the iodine-124 scan show no uptake, 
as was seen with iodine-123 in the case presented, or should the tumor be noted to 
progress after therapy, then a repeat therapeutic dose of iodine-131 would not be 
recommended [1]. New radioisotope-labeled molecules are being evaluated for PET 
imaging that may have applicability to a patient like ours. One pilot study employed 
fibroblast activation protein inhibitor labeled with 68-Gallium with marginal suc-
cess [17].

 Back to the Case

When next seen, the patient had a serum Tg of 7.5 on levothyroxine suppression and 
underwent rhTSH stimulation with a poststimulation Tg of 94 ng/ml and a negative 
iodine-123 scan (1.2 mCi; 444 MBq). She then underwent PET/CT scanning with 
the non-FDA-approved agent iodine-124 (1.7 mCi;63 MBq) and iodine-131 dosim-
etry (2  mCi; 74  MBq) [18–20] (see Figs.  23.1 and 23.2). The iodine-131 scan 
(Fig. 23.1a) was largely negative, whereas the iodine-124 PET revealed a focus of 
uptake posteriorly (Fig. 23.1b) that was identified by CT (Fig. 23.2a) as being in the 
left pelvic bone (arrow). Figure 23.2b indicates fusion of the transverse CT image 
of the pelvis with the corresponding transverse iodine-124 PET image, which dem-
onstrates the utility of fusing the iodine-124 PET image with the CT image. The 
fused images demonstrated that the abnormal iodine-124 uptake corresponded pre-
cisely to the abnormality on the CT scan. In addition to the identification of this 
abnormality, the iodine-124 images demonstrated a second focus of abnormal 
iodine-124 uptake that correlated with another abnormality in the sacrum on the CT 
image suggesting an additional metastasis. The dosimetry estimated that she could 
receive a 440 mCi dose of iodine-131 safely with less than 72 mCi retained at 48 h. 
Although the patient was advised of the small likelihood of cure or significant 
improvement with another dose of radioiodine in the face of negative diagnostic 
radioiodine scans [9–12], she nevertheless was desirous of one more therapy. She 
was treated with 392 mCi, and the findings on the post-therapy iodine-131 scan 
were consistent with those seen on the iodine-124 PET scan, i.e., positive uptake in 
the identified metastases. At 4 months post-therapy, her blood neutrophil and plate-
let counts were normal, and her serum Tg has fallen to 1.9 ng/ml on suppression 
therapy. The follow-up plan is to continue twice yearly monitoring with serum Tg 
measurements, and a repeat iodine-124 PET/CT scan will be considered in 

23 A Patient with Papillary Carcinoma of the Thyroid with Elevated Serum…



204

Fig. 23.2 (a) Computerized tomographic scan of pelvis indicating that the focus positive on PET 
scan was located in the left pelvic bone (arrow). (b) Fusion of the transverse CT image of the pelvis 
with the corresponding transverse iodine-124 PET image demonstrating localization of the lesion. 
The fused images demonstrated that the abnormal iodine-124 uptake corresponded precisely to the 
abnormality on the CT scan. In addition to localizing this abnormality, the 124I images demon-
strated a second focus of abnormal iodine-124 uptake that correlated with another abnormality in 
the sacrum on the CT image suggesting an additional metastasis

Fig. 23.1 (a) Iodine-123 scan (1.2  mCi; 444  MBq) indicating little detectable uptake. (b) 
Iodine-124 PET/CT (1.7 mCi;63 MBq) revealing a focus of uptake posteriorly
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12–18 months unless her serum Tg becomes undetectable with time. She would be 
declared refractory to radioiodine and not considered for additional therapy should 
there be evidence of progressive disease as indicated by a rising Tg level and/or 
increased structural disease. In the latter circumstance, we will consider external 
radiation therapy or other attempts at local ablation. Multikinase inhibitors such as 
sorafenib or lenvatinib have also been considered for thyroglobulin-positive/scan- 
negative patients [21].
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Clinical Pearls/Pitfalls
 1. It is useful to tailor therapeutic interventions by risk stratification of 

patients according to the 2015 ATA guidelines on outcome status after ini-
tial treatment, which in this case indicated a biochemically incomplete 
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Chapter 24
A Child with Papillary Thyroid Cancer 
and Metastatic Pulmonary Disease: Role 
of Radioactive Iodine Therapy

Monica L. Arango and Steven G. Waguespack

 Introduction

Papillary thyroid carcinoma is rare in the pediatric population and is optimally 
treated with surgery by a high-volume thyroid surgeon, followed by possible radio-
active iodine (RAI) therapy, which is given in the context of postoperative staging 
(a diagnostic thyroid scan and a stimulated thyroglobulin [Tg] level) [1, 2], espe-
cially in cases of known or suspected distant metastases. Children with PTC and 
metastatic pulmonary disease typically respond satisfactorily to 131I therapy and 
demonstrate a continuous improvement of Tg levels, even years after treatment [3–
6]. However, some patients may need more than one course of 131I, and the optimal 
approach to the evaluation and treatment of children with pulmonary metastases 
remains unresolved [7]. Given the excellent prognosis of children with PTC and 
pulmonary metastases, as well as the possible risk for second malignancies [4, 8, 9] 
and increased overall mortality among pediatric PTC survivors [10], the risks of 
multiple RAI doses must be weighed against the potential benefits.

M. L. Arango (*) 
Division of Pediatric Endocrinology, McGovern Medical School, UTHealth,  
Houston, TX, USA
e-mail: monica.L.Arango@uth.tmc.edu 

S. G. Waguespack 
Department of Endocrine Neoplasia & Hormonal Disorders, University of Texas MD 
Anderson Cancer Center, Houston, TX, USA
e-mail: swagues@mdanderson.org

http://crossmark.crossref.org/dialog/?doi=10.1007/978-3-030-61919-0_24&domain=pdf
https://doi.org/10.1007/978-3-030-61919-0_24#DOI
mailto:monica.L.Arango@uth.tmc.edu
mailto:swagues@mdanderson.org


210

 Case Presentation

A 9-year-old Hispanic male with a history of multiple upper respiratory infections 
but no risk factors for thyroid cancer presented to an otolaryngologist with an 
enlarged cervical lymph node, which had been present for at least a year. He under-
went an excisional lymph node biopsy, which revealed metastatic PTC. Initial com-
prehensive staging included a normal TSH and a Tg of 354 ng/ml (normal <55 for 
an intact thyroid) with negative Tg antibodies; a neck ultrasound and contrast- 
enhanced computed tomography (CT) scan of the neck that revealed a diffusely 
infiltrating primary tumor with clinical N1b disease; and a chest X-ray (CXR) nega-
tive for pulmonary metastases. The patient had a total thyroidectomy and bilateral 
central and lateral neck dissections with final pathologic staging revealing a multi-
focal, bilateral T3bN1bMx (AJCC 8th edition) PTC, conventional type; the tumor 
was negative for the BRAF V600E mutation. Postoperative staging 2 months after 
surgery (after ensuring a normal 24-h urine iodine level) included a withdrawal 123I 
thyroid scan and a stimulated Tg level (concomitant TSH 191 mU/L). There was no 
uptake identified on the diagnostic scan, but the stimulated Tg was 145 ng/ml (<0.9 
post-thyroidectomy), suggesting residual metastatic disease. Given the high Tg 
level and risk for distant metastases, he was treated empirically with 45  mCi 
(1.7 GBq) of 131I (weight-adjusted dose equivalent to a 150 mCi (5.6 GBq) dose in 
a 70  kg adult; 131I dose  =  150  mCi (5.6  GBq)  ×  weight of patient (kg)/70). 
Posttreatment scan showed minimal diffuse bilateral pulmonary uptake as well as 
uptake bilaterally in the nodes of Rouviere (retropharyngeal lymph nodes), best 
seen with single-photon emission computed tomography (SPECT)-CT imaging 
(Fig. 24.1).

 Assessment and Literature Review

Thyroid cancer is rare in the pediatric population. Adolescents are the most com-
monly affected pediatric age group (34 cases/million/year), and thyroid cancer is 
the most common cancer, representing 14% of all malignancies diagnosed at the 
ages of 15–19 years [11]. PTC is the most common type and accounts for about 
90% of childhood thyroid malignancies. Initial clinical presentation is commonly a 
thyroid nodule or cervical lymphadenopathy, which is sometimes misinterpreted as 
reactive lymph node enlargement. Pediatric PTC is frequently multifocal and bilat-
eral; regional lymph node metastases occur in up to 80% of cases [12, 13]. Children 
with a significant cervical disease burden are at the highest risk of hematogenous 
metastases to the lungs, which occur in up to 25% of cases [7, 12, 14–19]. Despite 
the apparent aggressive clinical presentation of PTC when diagnosed during child-
hood, and a higher rate of pulmonary metastases compared with adults, who have 
approximately a 4% rate of distant metastases [11], disease-specific mortality in 
pediatric PTC is extremely low (~2% or less decades after diagnosis) [5–7, 9, 10, 
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17, 18, 20–23]. This excellent long-term prognosis, coupled with unique concerns 
regarding the potential late sequelae related to overzealous treatment at a young age 
(e.g., second malignancies and pulmonary fibrosis) [4, 8–10, 24, 25], makes the 
management of pediatric PTC with lung metastases challenging. Furthermore, there 
have been no prospective clinical trials to guide decision-making; indeed, our 
understanding of pediatric PTC primarily comes from adult PTC, in addition to 
clinical reviews, pediatric PTC case series, and expert opinion. Only recently have 
formal society guidelines for the management of pediatric PTC been developed 
[1, 26].

Over the last few decades, the molecular pathogenesis of PTC has been better 
elucidated. Point mutations and gene fusions that activate the mitogen-activated 
protein kinase pathway play a major role in PTC development and propagation [27]. 
In pediatric PTC, a chromosomal rearrangement is the most likely molecular event 
[28–35]. Fusions involving the REarranged during Transfection (RET) proto- 
oncogene and the neurotropic tyrosine receptor kinase (NTRK) genes (NTRK1/3) 
are the most common, although some series have also reported rearrangements 
involving the v-raf murine sarcoma viral oncogene homolog B (BRAF) and anaplas-
tic lymphoma kinase (ALK) genes [33, 36, 37]. The BRAFV600E point mutation is 
also prevalent in childhood PTC [28–31, 33–36, 38–40], although not as common 
as in adults. Knowledge regarding tumor genotype may inform the expected clinical 
course and response to RAI, although more research needs to be done in this area as 
relates to pediatric PTC.

Fig. 24.1 Posttreatment 
131I SPECT-CT reveals 
intense uptake in a left 
retropharyngeal LN (node 
of Rouviere) and to a lesser 
extent in a right 
retropharyngeal LN
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In most cases, it is recommended that the initial evaluation of children with PTC 
includes a preoperative CXR to assess for macroscopic lung metastases; the finding 
of which may alter plans for subsequent RAI therapy [2]. However, a CXR is not 
sensitive enough to identify small-volume micronodular pulmonary metastases [6, 
16], and for that reason, some centers also consider chest CT at diagnosis, espe-
cially in children with bulky cervical disease who are at the highest risk for distant 
metastases [2, 14]. Current pediatric guidelines do not advocate routine chest CT in 
all patients [1, 26], with the additional understanding that postoperative staging with 
RAI, if indicated, will effectively identify most children with pulmonary metasta-
ses, even those with negative baseline radiographic imaging [5, 6, 16]. In the end, 
knowledge regarding the presence or absence of pulmonary metastases does not 
alter the plan for initial therapy, which is the appropriate oncologic surgery (total 
thyroidectomy ± compartment-oriented neck dissection) by a high-volume thyroid 
surgeon.

The inaugural pediatric American Thyroid Association (ATA) guidelines intro-
duced a postoperative risk categorization (ATA pediatric low, intermediate, and high 
risk) based upon AJCC TNM staging that helps to identify patients at risk of distant 
metastases and thereby determine which children should undergo routine postop-
erative staging with RAI [1]. Using this novel classification, children with signifi-
cant central or lateral neck lymph node involvement are considered ATA pediatric 
intermediate or high risk, depending on the extent and volume of disease. In most 
intermediate-risk (clinical N1a or microscopic N1b disease) and in all high-risk 
(clinical N1b disease) patients, including patients already known to have distant 
metastases, postoperative staging with a diagnostic RAI scan and a TSH-stimulated 
Tg is recommended [1, 2].

In some children, as seen in the current case, the diagnostic whole-body scan 
(WBS) may be negative for lung uptake (Fig. 24.2a), but the Tg may be significantly 
elevated, thereby suggesting the presence of distant metastases. The absolute value 
of hyper-thyroglobulinemia that predicts lung metastases in children remains largely 
unknown. Recent studies suggest the value of a pre-ablation Tg and Tg/TSH ratio in 
predicting more accurately patients with pulmonary metastasis [41–43]. Until fur-
ther studies elucidate the optimal Tg threshold, empiric RAI therapy is typically 
administered to a child who is at high risk for distant metastases and whose stimu-
lated Tg is >10 ng/ml [1, 2]. Although the empiric use of 131I is not associated with 
clear benefit in adults with negative diagnostic RAI scans and known structural 
disease [44], this issue remains unstudied in children, who may be more prone to 
benefit from RAI in this setting due to the inherent differences in tumor biology and 
iodine responsiveness. In all cases, after 131I therapy, a post-therapy scan is recom-
mended 4–7 days in order to identify iodine-avid disease that may not have been 
readily visible on the diagnostic WBS and also to help determine iodine avidity in 
known or suspected metastatic disease previously seen on radiographic imaging 
(Fig. 24.2b).

The goal of 131I therapy in children with pulmonary metastases is to decrease the 
risk of thyroid cancer progression and in turn, to improve mortality by eliminating 
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iodine-avid disease while minimizing the risk of late complications. The intent of 
therapy is no longer to treat every patient until they have an undetectable thyro-
globulin level, since that is achievable in only about 50% or less of pediatric patients 
with pulmonary metastases [1, 6, 7]. Although some series report a higher rate of 
response [22], others have described more persistent disease despite multiple 
courses of RAI [5, 6, 45]. Factors affecting long-term outcome in children with 
pulmonary metastases include tumor doubling time and size of the pulmonary 
metastases [22, 45]; there have been no pediatric specific studies that have looked at 
thyroglobulin doubling time as a prognostic indicator.

a

b

Fig. 24.2 Diagnostic (a) and posttreatment (b) 131I scans in a 12-year-old boy with stage II 
PTC. The diagnostic study revealed no evidence of iodine-avid pulmonary metastases, but he was 
treated empirically with 131I due to a stimulated Tg of 767 ng/ml and known pulmonary metastases 
that previously demonstrated iodine avidity. The posttreatment scan 7 days after 131I clearly dem-
onstrates diffuse pulmonary metastases

24 A Child with Papillary Thyroid Cancer and Metastatic Pulmonary Disease: Role…
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Those children identified to have iodine-avid distant disease will likely benefit 
from 131I therapy. Therefore, 131I is typically administered at an activity that is pro-
portionately equivalent to a 150–200 mCi (5.6–7.4 GBq) dose in an adult (some-
times less, if significant diffuse pulmonary uptake is present). For example, in a 
30  kg child, an administered activity of 64  mCi 131I would be considered 
(150 mCi × [30 kg/70 kg]). Dosimetry is considered in children with diffuse pulmo-
nary metastases but is not readily available in all centers. When dosimetry is 
employed, the goal is to ensure that the whole-body retention 48 h after 131I admin-
istration does not exceed 80 mCi (3 GBq) in the presence of iodine-avid diffuse lung 
metastases [46], which should minimize the concern about pulmonary fibrosis in 
this population.

Children with small-volume, iodine-avid micronodular (<1 cm) lung disease are 
the most likely to respond to treatment [22, 45], and they may ultimately become 
disease-free, whereas others, especially those with a more extensive metastatic dis-
ease burden, may never become cancer-free as assessed by Tg levels [3, 4, 7, 22, 
45]. The nadir response to RAI can take 1–2 years or more [3, 5, 6]. Because of this, 
current recommendations are to wait until the disease either progresses or unequivo-
cally remains persistent before proceeding to subsequent evaluation and possible 
retreatment with 131I [1]. The thought is that such a cautious approach to repeated 
131I therapy may help to mitigate the long-term sequelae of RAI while also ensuring 
durable control of disease.

Further studies are required regarding the optimal dosing and timing of 131I for 
children with PTC and iodine-avid pulmonary metastases. In all cases, the decision 
to treat a child with RAI should be individualized [1, 2, 26], preferably by clinicians 
experienced in the management of advanced pediatric PTC. After initial 131I therapy, 
children with PTC and lung metastases should be monitored while continuing TSH 
suppression (goal TSH <0.1 mU/L). Monitoring the TSH-suppressed Tg is the opti-
mal approach in most children with distant metastases. Periodic imaging with CXR 
or CT chest can be done to assess for structural disease progression, but CT should 
not be more frequent than every 1–2 years (or even less, depending on the case), in 
light of the added risk of repeated diagnostic radiation exposure and the fact that 
significant radiographic progression warranting additional therapy is unexpected in 
the vast majority of pediatric PTC cases. Once the nadir radiographic and biochemi-
cal Tg response is reached, repeat evaluation with a diagnostic WBS is considered 
in those with documented iodine-avid disease, but retreatment with RAI should be 
limited to those children who still have evidence of disease and who also benefited 
from prior 131I therapy [1].

In children who develop iodine non-avid or non-responsive PTC, continued 
observation and TSH suppression are indicated. The development of progressive 
PTC that warrants further systemic treatment is rare, and in the event a child with 
metastatic PTC needs such an approach, consultation with providers who are expe-
rienced in the use of systemic therapy in children is recommended. A review of the 
currently available, molecularly targeted agents for the treatment of pediatric PTC 
is beyond the purview of this chapter, but there are both FDA-approved medications 
and other novel therapeutics in clinical trials that can be considered [47–51].
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 Back to the Case

Following initial 131I therapy, expectant monitoring and TSH suppressive therapy 
commenced, and the patient’s suppressed Tg over the following 2  years never 
reached a nadir; instead, it slowly rose from 13.5 to 29.5 ng/ml. Cross-sectional 
imaging revealed no overt evidence for cervical disease (outside of prominent nodes 
of Rouviere) and multiple tiny pulmonary nodules measuring up to 3 mm (noting 
that this was an initial diagnostic CT chest and that the pulmonary nodules were not 
as clearly seen on SPECT-CT previously obtained after initial RAI therapy). At the 
age of 12, he had a hypothyroid 131I thyroid scan and a stimulated Tg that revealed 
no evidence of pathologic RAI uptake (Fig. 24.2a) and a value of 767 ng/ml, respec-
tively. A second empiric 131I dose of 58 mCi (2.1 GBq; weight-adjusted dose equiva-
lent to a 156  mCi (5.8  GBq) dose in a 70  kg adult) was administered, and the 
posttreatment scan obtained 7 days after high-dose RAI revealed diffuse bilateral 
lung uptake (Fig. 24.2b). A year later, CT neck/chest and cervical US revealed no 
evidence of progression, and a non-suppressed Tg (TSH 2.4 mU/L) was 60 ng/ml. 
Due to persistent metastatic disease, molecular testing of his tumor was undertaken 
and revealed an NCOA4-RET fusion. Currently 18 years of age, the patient has per-
sistent yet overall stable micronodular pulmonary metastases and continues to be 
monitored expectantly with TSH suppression.

Clinical Pearls
• Young children with PTC often present with extensive locoregional and 

pulmonary metastatic disease.
• The risk for pulmonary metastases is highest in children with extensive 

cervical disease.
• Despite the presence of pulmonary metastases, disease-specific mortality 

is low with survival over decades anticipated.
• RAI is indicated for children with known or suspected pulmonary metasta-

ses. A diagnostic whole-body scan may fail to reveal iodine-avid pulmo-
nary metastases, and so a delayed posttreatment scan obtained 4–7 days 
after RAI is critical for identifying iodine-avid disease.

• Use of dosimetry (if available) in children with diffuse pulmonary metas-
tases can ensure that the administered activity of 131I is below that which 
would place the child at risk for pulmonary fibrosis.

• The clinical response of pulmonary metastases to 131I may take years to 
fully appreciate. Given the long-term risks of RAI in children, the current 
approach is to retreat with 131I only if there is evidence of disease beyond 
1 year, or if there is disease progression in a patient who was previously 
felt to respond/benefit to therapeutic RAI; RAI therapy every 6–12 months 
until the patient becomes Tg and/or diagnostic scan negative is no longer 
the approach to treatment.
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Chapter 25
A Patient with Bone Metastases 
from Follicular Carcinoma of the Thyroid

Leonard Wartofsky

 Case

The patient is a 55-year-old man referred to us from his endocrinologist in 
Morgantown, West Virginia. He had originally presented in West Virginia during 
August 2013 complaining of numbness in his right leg extending up to his abdomen. 
He was found to have tumor involving the thoracic spine on CT scan. Emergency 
surgery in late August 2013 included a corpectomy of the T8 vertebral body with 
decompression of T8-T11 with a laminectomy and debulking of the tumor. The 
surgical pathology of the spine tumor suggested thyroid cancer, and at that evalua-
tion, he was noted to complain of hoarseness and have a neck mass. He underwent 
thyroidectomy in early September 2013, and the surgical pathology revealed his 
tumor to be a widely invasive follicular thyroid cancer. The right recurrent laryngeal 
nerve was sacrificed due to its being encased in tumor, and he remained hoarse 
postoperatively. A follow-up MRI of the thoracic spine in November 2013 disclosed 
probable metastasis to the first rib on the left, as well as tumor involving the right 
pedicle of T12 with additional metastases to L1, L3, L4, and L5. He underwent 
external radiation therapy for ten treatments (dosage unknown) in late November 
2013. A CT scan of the head (without contrast) done in late November 2013 
described a lytic lesion in the left anteroparietal calvarium. In addition, CT scan of 
the chest and abdomen with contrast in December 2013 described a lesion in the 
right lung, some hypodensities in the liver, and a 1.7 × 1.5 cm nodule in the adrenal 
gland. In the other facility, he was treated with 120 mCi radioactive iodine. His 
tumor was apparently producing sufficient thyroid hormone that his serum TSH 
level failed to elevate post thyroidectomy, and he was prepared for scanning and 
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radioiodine therapy with recombinant human TSH.  The posttreatment scan dis-
closed foci of uptake in the head, neck, chest, shoulders, abdomen, and pelvis. Plain 
films of the lumbar spine in January 2014 again described metastasis at L4 and L5 
and in his left rib. His physical examination was totally unremarkable except for the 
thyroidectomy scar and subjective numbness in the right lower extremity 
(Table 25.1).

 Assessment

This 55-year-old man presented with widespread metastases to multiple bones, 
which were subsequently confirmed to be from a follicular carcinoma of the thy-
roid. According to his medical record notes, his serum thyroglobulin levels were 
quite high and fell after surgery and radioiodine ablation (Table 25.1) but remained 
markedly elevated. His post-therapy scan indicates fairly good radioiodine uptake 
suggesting potential benefit from additional radioactive iodine treatment. Our 
approach will be to do additional imaging to assess the current extent and location 
of residual disease in order to determine possible therapeutic approaches.

 Relevant Literature

Features of follicular thyroid carcinoma distinct from papillary thyroid carcinoma 
have been reviewed recently [1, 2]. In general, distant metastases from differenti-
ated thyroid cancer can be seen in 4–6% of patients at initial presentation [3, 4]. 
Distant metastatic disease can subsequently develop in 10–30% of patients [5, 6], 
depending on the histology (about 10% in papillary cancer and 20–30% in follicular 
and Hurthle cell cancers), most commonly to the lungs and bones. Distant metasta-
ses of follicular carcinoma are most commonly found in bone and lung but metasta-
ses to brain and liver may also occur. Bone metastases are more common with 

Table 25.1 Laboratory values

Date TSH (mIU/L) Tg (ng/ml) TgAb (IU/ml) Course

10/04/13 4.18 16,340 <2 Thyroidectomy 9/7/13
10/26/13 1.09 12,503 <2 IMRT to lumbar spine 11/13
12/22/13 0.36 9517 <2 120 mCi 131-I (12/23/13)
01/13/14 2.99 3303 <2
02/23/14 3.72 1662 <20 (different assay)
03/12/14 54 2840 <2 360 mCi 131-I (3/17/14)
06/02/14 1.92 142 <2
08/22/14 0.09 64 <2

TSH thyrotropin, Tg thyroglobulin, TgAb antithyroglobulin antibodies
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follicular than papillary thyroid carcinoma and are associated with poor prognosis 
[7]. The presence of distant metastases may be heralded by an extremely elevated 
serum thyroglobulin, with the findings confirmed by plain radiography, 131-I whole 
body scan, CT, MRI, PET/CT, or bone scan. Radioiodine uptake in a bone lesion 
will indicate that it is derived from thyroid cancer, but absent that, a bone biopsy is 
advisable to confirm the diagnosis. Other imaging modalities for bone lesions may 
include thallium-201, technetium-99 m, or iodine-124 PET [8]. Newer radiolabeled 
peptides such as 68Ga-FAPI-04 and PSMA ligands have been proposed for diagnos-
tic imaging in patients with lesions that are negative on both radioiodine scanning 
and 18F-fluorodeoxyglucose (FDG)-PET imaging [9]. The more common bony sites 
for metastases are the spine, pelvis, ribs, femur, and skull. Clinically, patients will 
present with bone pain or fracture, swelling at the site, or spinal metastases with 
symptoms of cord compression. Bone metastases connote a significantly poorer 
prognosis than that noted in the majority of thyroid cancer patients. In a retrospec-
tive analysis by Shoup et al. [10] of 242 patients, 40% had metastases on presenta-
tion, and they had a 10-year survival of 26% with a median survival of 4.1 years. 
The importance of age is apparent as seen with a 10-year survival in those patients 
<45 years old of 58% compared to only 13% in those >45 years old. Survival with 
metastatic disease will also depend upon the site of the metastases, and whether or 
not the lesions are radioiodine avid. Radioiodine avidity does not necessarily imply 
radioiodine sensitivity, and bulky metastases are rarely cured by radioiodine [11]. 
Other factors influencing prognosis and which are statistically significant by uni-
variate analysis include gender, extent of surgery, and histologic type [3, 5].

The treatment of bone metastases typically involves radioiodine, assuming that 
the lesions are RAI avid, and it is the younger patients who are more likely to have 
RAI uptake, a fact that likely is linked to their better survival statistics. This may 
account for why some studies show clear benefit of RAI therapy [12, 13], while oth-
ers do not [14, 15]. Preparation for radioiodine therapy requires an elevated serum 
TSH level, which may be achieved by either thyroid hormone withdrawal or off- 
label administration of recombinant human TSH [16, 17]. Those lesions that are 
FDG/PET avid tend to be less differentiated and more resistant to RAI treatment 
[18, 19]. RAI may be administered either as a standard or “empiric” dose or activity 
based upon consensus guidelines and physician experience or as a “dosimetric” 
activity based on how the patient’s body handles (retains and excretes) a given activ-
ity of radioiodine. When there is RAI uptake, arguments have been made for admin-
istering the highest dose feasible that is within safe limits as can be determined by 
dosimetry [20], and dosimetric approaches have been shown to be potentially more 
efficacious than empiric dosage [21]. However, relatively lower doses appear to be 
appropriate in older patients [22]. In the absence of RAI uptake, other therapeutic 
modalities may be tried but will be associated with less salutary effect. There is 
hope that redifferentiating agents such as selumetinib might prove useful for these 
patients in the future by resensitizing tumors to radioiodine [23, 24]. When feasible, 
particularly for isolated and/or symptomatic bone metastasis, other approaches to 
management could include surgical resection with or without cementoplasty, radio-
frequency ablation, external radiation, arterial embolization, or targeted 
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chemotherapy [25], along with adjunctive use of bisphosphonates [26]. Pak et al. 
[27] reviewed a 32-year experience with surgical metastasectomy with 51 metasta-
ses excised in 29 patients who had a variety of types of thyroid cancer. Many of the 
patients received adjunctive therapy with XRT and RAI as well with a resultant 78% 
survival at 5 years that dropped to 50% at 10 years, with age > 45, a poor prognostic 
factor. Wu et  al. [28] in 77 patients followed long-term noted improved median 
survival with adjunctive external radiation and denosumab therapy.

External beam radiation is employed for pain relief and for lesions in critical or 
weight-bearing areas, as well as for those lesions not amenable to surgery or RAI 
treatment. It is typically given in doses of 50 Gy in 25 fractions for solitary bone 
lesions and 40 Gy in 20 fractions for vertebral lesions. Arterial embolization has 
been employed by Eustatia-Rutten and colleagues [29] with 41 embolizations in 16 
patients resulting in clinical improvement in 60% of subjects. The procedure 
requires visualization of the artery feeding the metastasis by selective catheteriza-
tion, and then particles of isobutyl, Gelfoam, or polyvinyl alcohol are injected with 
relief of pain and improvement in neurologic symptoms. The best results are seen in 
those patients who also have had RAI, XRT, or surgical treatment. Radiofrequency 
ablation (RFA) [30, 31] uses probes inserted under CT guidance to generate thermal 
energy to achieve local tissue temperatures >50 °C inducing cell death. RFA has 
rarely been applied to bone lesions and has found greater application to lesions in 
the liver or kidney. While planar radioiodine scanning with iodine-131 is the pri-
mary imaging procedure for differentiated thyroid cancer, scanning with iodine-124 
PET offers advantages of detecting both positron emission, as well as the spatial 
distribution of radioiodine uptake, and allows improved detection of the extent of 
residual disease [32–36].

 Subsequent Management

The degree of thyroglobulin elevation indicated persistent residual disease. Given 
that his earlier post-therapy radioiodine scan showed significant uptake and the 
actual activity administered (120 mCi) was relatively low, the patient was deemed a 
good candidate for higher-dose radioiodine therapy to be determined by dosimetry 
[20]. He was withdrawn from his levothyroxine therapy, and after 3  weeks, his 
serum TSH level had risen to 42 mU/L. He then underwent routine total body scan-
ning with iodine-131 (Fig. 25.1), as well as iodine-124 PET scanning, which again 
clearly delineated good isotope uptake, with particularly better visualization of the 
extent of bone metastases by the iodine-124 PET images (Fig.  25.2). Regional 
lesional dosimetry afforded by iodine-124 indicated that sufficient uptake of activity 
in specific lesions could be achieved for therapeutic benefit based on earlier data on 
locoregional dosimetry [34, 37]. The dosimetry calculations predicted that he could 
receive as much as 410  mCi of iodine-131 safely and have less than 100  mCi 
retained in total body at 48 h. He was treated with 360 mCi iodine-131 in late March 
2014 at a time that his TSH measured 54  mU/L; the post-therapy scan was 
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essentially identical to the pretreatment diagnostic scan demonstrating good uptake 
in multiple sites estimated to approximate 72 Gy or 7200 rads. Follow-up studies by 
his physicians in West Virginia on June 2, 2014, included a serum thyroglobulin of 
142 ng/ml and a TSH of 1.92 mU/L. His dose of levothyroxine was increased, and 
the last studies recorded to date on August 22, 2014, included a thyroglobulin of 
64 ng/ml and a TSH of 0.09 mU/L. His total white blood cell, absolute neutrophil, 
and platelet counts have remained within normal limits. Recommendations to his 
physicians included continuing suppressive dosage of levothyroxine, adjunctive 
therapy with bisphosphonates or denosumab, monitoring serum thyroglobulin every 

Fig. 25.1 Post-thyroid 
hormone withdrawal total 
body scan after 4 mCi 
iodine-131
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Fig. 25.2 Total body 
iodine-124 PET/CT scan 
with 1.7 mCi iodine-124
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6 months, considering local intervention on selective lesions by XRT or RFA as 
warranted, and a potential additional dosimetric radioiodine dose based upon dem-
onstrated progressive disease, persistent iodine uptake, and relatively normal blood 
counts.
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Chapter 26
Radioiodine Therapy in Lactating Women 
with Higher-Risk Differentiated Thyroid 
Cancer

Swaytha Yalamanchi and David S. Cooper

 Case Presentation

A 30-year-old woman presents 1 month status post total thyroidectomy with left and 
central neck dissection for management of papillary thyroid carcinoma (PTC). 
Pathology demonstrated multifocal and BRAF-positive PTC with the largest tumor 
focus being 6 cm in diameter. A total of 6 of the 14 central lymph nodes and 7 of 33 
lateral lymph nodes were positive for disease. The patient gave birth approximately 
5 months earlier and stopped breastfeeding 2 weeks prior to presenting to endocri-
nology clinic.

 Assessment and Literature Review

Both lactating and non-lactating women may have breast uptake on scintigraphy. In 
the former group, uptake may persist up to 32 weeks following cessation of lactation. 
Dopamine agonists may shorten the time interval between cessation of breastfeeding 
and initiation of radioiodine therapy in patients with differentiated thyroid cancer. 
Regardless of the use of dopamine agonist therapy, it is imperative to perform a pre-
treatment I-123 scan in women with recent lactation or galactorrhea to confirm that 
breast uptake is absent prior to proceeding with I-131 radioiodine therapy.
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 Definitions/Background

The incidence of thyroid cancer has increased more rapidly than other malignan-
cies in recent years, independent of age and ethnicity. From 1974 to 2013, the 
incidence of thyroid cancer increased by 3% annually. This growth is likely partly 
due to a rise in subclinical disease detected on imaging studies performed for alter-
nate reasons, though the incidence of large tumors, including those >4 cm, has also 
increased; the incidence rate and mortality of advanced stage papillary thyroid can-
cer have additionally increased [1–3]. While uncommon in pregnancy or the post-
partum period, thyroid cancer is the second most common cancer among pregnant 
women after breast cancer, with an incidence of approximately 25 per 100,000 
pregnant or postpartum women [4]. Surgery is the primary therapy for papillary 
thyroid cancer, with the approach dictated by the extent of disease, age, and 
comorbidities.

 Radioiodine Ablation

Postoperative radioactive iodine (RAI) ablation  therapy is used in specific cases to 
achieve the following interrelated goals: remnant ablation to facilitate initial staging 
and subsequent detection of recurrent disease via serum thyroglobulin and I-131 
scan, adjuvant therapy to decrease the risk of recurrence and mortality by eliminat-
ing suspected disease, and documentation and treatment of known persistent disease 
[5]. Guidelines from the American Thyroid Association (ATA) recommend RAI 
therapy in all patients with known distant metastases, gross extrathyroidal exten-
sion, or primary tumor size greater than 4 cm. RAI is also recommended for selected 
patients with a thyroid cancer focus 1–4 cm in size without extrathyroidal extension 
if lymph node metastases and/or other high-risk features (e.g., age greater than 55, 
certain histological subtypes, intrathyroidal vascular invasion, multifocal disease) 
exist that would place individuals into the category of intermediate to high risk of 
recurrence or death [5].

 Relative and Absolute Contraindications to RAI Therapy

Both relative and absolute contraindications to radioiodine therapy exist. Radioiodine 
is concentrated in thyroid follicular cells via the membrane sodium-iodide sym-
porter (NIS) [6]. Pregnancy is an absolute contraindication to therapeutic I-131 
administration due to risk of fetal exposure. Thyroid fetal tissue, which begins to 
form at 10–12  weeks, may be destroyed, potentially resulting in cretinism [7]. 
Potential adverse effects associated with radioiodine vary depending on gestational 
age and administered activity, but may include risk of miscarriage, growth 
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retardation, fetal hypothyroidism, fetal malformation, and effects on fetal IQ as 
noted above [8]. In a series of 237 women, 55 of whom ultimately underwent a 
therapeutic abortion, six infants developed hypothyroidism, with four having intel-
lectual disabilities. Three of these six women received radioiodine in the second 
trimester. The rates of fetal and neonatal complications were otherwise similar to 
that of uncomplicated pregnancies [9].

Women either who are actively breastfeeding or who have recently stopped 
breastfeeding should not receive radioiodine therapy because of risks of exposure to 
I-131 to the child, and risk of breast tissue exposure to radiation secondary to high 
levels of NIS expression in breast tissue during lactation [7].

Women may have breast uptake on pretreatment scintigraphy for a multitude of 
other reasons besides lactation, including hyperprolactinemia from any cause [10, 
11], breast cancer/tumor (including but not limited to breast cysts and current/previ-
ously excised fibroadenoma) [12–15], and mastitis [16] (Fig. 26.1). False-positive 
breast uptake may also occur due to contamination or uptake in the ribs, lung, liver, 
and soft tissue.

 Prevalence

A retrospective study performed from 2000 to 2006 to examine the utility of radio-
iodine scans prior to RAI therapy in patients with DTC showed that 6% of non- 
lactating women had evidence of breast uptake on pretreatment scans [17]. 
Similarly, Hammami et al. demonstrated that approximately 6% of all nonpregnant 
and non- lactating women (23 had not breastfed for an average of 11.4 months; 4 
were nulliparous; 3 were postmenopausal) with iatrogenic hypothyroidism follow-
ing thyroid hormone withdrawal also had breast uptake on radioiodine scans. The 
authors noted four different patterns of radioiodine breast uptake: “full,” “focal,” 
“crescentic,” and “irregular.” No association, however, could be made between 
scintigraphy patterns and etiology of breast uptake. The majority of women did not 
have expressible galactorrhea (52%) and were normoprolactinemic (76%; the 
remainder had prolactin levels <2.5 times the upper limit of normal, likely due to 
iatrogenic hypothyroidism) [18].

 Pathophysiology

Iodide is an essential component of thyroid hormones tri-iodothyronine (T3) and 
thyroxine (T4). Intracellular iodide stores are maintained by NIS, located on the 
basolateral plasma membrane of thyroid follicular cells. NIS expression facilitates 
the use of radioiodine for both diagnostic and therapeutic purposes in the manage-
ment of thyroid cancer. Active iodide transport also occurs in extrathyroidal tissues, 
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including the lactating breasts, salivary glands, small intestine, and stomach [6]. In 
lactating breast tissue, expression of NIS allows iodide to be concentrated and 
secreted into breast milk for neonatal nutrition. NIS is generally present in breast 
tissue only during gestation and lactation. This is likely due in part to a threshold 
level of estrogen necessary for both direct effects on mammary gland NIS transcrip-
tion, as well as effects via oxytocin and prolactin [19]. Expression of NIS has also 
been found to be high in fibroadenomas and, to a lesser extent, malignant breast 

Fig. 26.1 Pretreatment I-123 scan in a patient with low-risk papillary thyroid cancer, idiopathic 
hyperprolactinemia, and mild galactorrhea demonstrating bilateral breast uptake. The decision was 
made not to treat this patient with radioiodine based on the scan
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tissue [12]. NIS expression in breast and ovarian cancers, which would allow for 
radioiodine for diagnostic and therapeutic purposes, is being explored [20–23].

 Role of Prolactin

Hyperprolactinemia, even in the postmenopausal woman with baseline atrophic 
breast tissue, may also result in increased breast uptake on scintigraphy that is 
reversible with normalization of prolactin levels [10, 24]. Both animal models and 
cultured human breast cancer cells respond to prolactin stimulation with increased 
expression of NIS and thus radioiodine uptake [10].

 Medical Therapy

False-positive breast uptake should first be ruled out by taking a focused history 
with consideration of lateral radiographic views and SPECT imaging. Subsequently, 
if the decision is made to proceed with radioiodine therapy, breastfeeding should be 
discontinued, and/or offending agents resulting in hyperprolactinemia should be 
stopped if medically feasible. Current guidelines recommend discontinuation of 
drugs causing hyperprolactinemia at least 6 weeks and, ideally, 3 months prior to 
administration of radioiodine, to allow for NIS transporter activity to return to base-
line; a pretreatment 123-I scan is recommended if more urgent treatment is needed 
or if there is concern regarding residual breast uptake [7].

Little data exist regarding therapeutic options. Hsiao et  al. published a case 
report of a single postpartum woman treated with bromocriptine with subsequent 
minimal breast uptake on scintigraphy 8 weeks after cessation of breastfeeding [25]. 
Brzozowska et al. reported an observational case series of eight postpartum women 
who were followed by I-123 scintigraphy; five women received dopamine agonist 
therapy (cabergoline or bromocriptine), and three women received no therapy. The 
duration of ongoing breast uptake on scintigraphy was quite variable, but lasted up 
to 32 weeks in women who did not receive dopamine agonist therapy. In contrast, 
women who received dopamine agonist therapy had negative uptake studies sooner 
(3–10 weeks in four of the five women in the treatment group) [26]. Although data 
are limited in this clinical setting, cabergoline is generally regarded to be more effi-
cacious in normalizing prolactin levels compared to bromocriptine [27]. Thus, 
patients may be initiated on cabergoline 0.25 mg twice/week (titrated up to 1 mg 
twice/week) or bromocriptine 7.5 mg twice/day based on existing data. Although 
dopamine agonists may shorten the time interval between cessation of breastfeeding 
and radioiodine therapy, it is unlikely that a delay in the administration of I-131 will 
change the thyroid cancer-related outcome of the patient. Diagnostic scintigraphy 
with an I-123 scan should be performed prior to administration of therapeutic I-131 
to confirm absence of breast uptake [17, 26].
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 Management of the Case

Our patient qualifies for RAI therapy on the basis of her bulky primary tumor focus 
and metastatic disease. As she had stopped breastfeeding only 2 weeks prior to her 
visit, she was initiated on cabergoline 0.5  mg twice/week. Six weeks later, she 
underwent a pretreatment scan with I-123 that showed no evidence of breast uptake. 
The patient was treated with 75 mCi of radioiodine and had a posttreatment scan 
showing only two foci of uptake in the thyroid bed. She has done well subsequently 
without clinical, sonographic, or biochemical evidence of recurrent disease, includ-
ing a negative total body scan and an undetectable serum thyroglobulin after recom-
binant TSH 9 months later.
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Chapter 27
A Case of a Patient with RAI-Refractory 
Differentiated Thyroid Cancer 
with Progressive Neck Disease and Stable 
Lung Metastases

Dana M. Hartl, Joanne Guerlain, and Ingrid Breuskin

 Case Presentation

A 69-year-old male patient was referred to our department for management of neck 
recurrence from papillary thyroid carcinoma.

Comorbidities included type II diabetes, hypertension, asymptomatic stenosis of 
one femoral artery, tobacco consumption (50 pack-years), and stable low-grade 
idiopathic sideroblastic anemia.

Ten years earlier, the patient had undergone total thyroidectomy and therapeutic 
central and right lateral neck dissection, at an outside institution, followed by two 
therapeutic doses of RAI after thyroid hormone withdrawal for a 3 cm, pT3N1b 
papillary thyroid carcinoma. No ectopic uptake was noted on the whole-body scans 
performed post-iodine. Three years later, an increase in serum thyroglobulin (Tg) 
led to the discovery on chest CT of two small (<10 mm) lung metastases. A third 
therapeutic dose of RAI was delivered, but no uptake was seen in the metastases, 
which remained stable over serial CTs. Three years after this treatment, neck ultra-
sound revealed a metastatic node in neck level III on the right. A reoperative right 
lateral neck dissection was performed, revealing 13 metastatic nodes out of 20 
resected. A fourth administration of RAI followed surgery, with no uptake on single- 
photon emission computed tomography (SPECT) whole body scan. Tg after thyroid 
hormone withdrawal remained elevated at 37 ng/ml, however. Over the next 4 years, 
thyroxine-suppressed Tg increased from 2 to 18 ng/ml. Ultrasound with fine-needle 
aspiration cytology (FNAC) revealed three previously non-identified lymph node 
metastases in neck levels II and VIB on the right side, measuring 15–20 mm each. 
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All three lymph nodes were 18FDG-PET positive (Fig. 27.1). The lung micrometas-
tases were 18FDG-PET-negative and still stable. The patient was addressed to our 
center for management.

Due to the size and progressive nature of the tumor, and the location near the 
great vessels and the esophagus, reoperative surgery in the neck and upper medias-
tinum was proposed by the multidisciplinary tumor board. Surgery was performed 
using intermittent recurrent nerve neuromonitoring. Intraoperative findings revealed 
that the level II metastasis invaded the posterior aspect of the internal jugular vein 
which was sacrificed. The paratracheal node completely surrounded the inferior 
laryngeal (recurrent) nerve and superficially invaded the esophageal muscle, which 
was resected with a shaving technique, with no perforation of the esophageal 
mucosa. The nerve was resected en-bloc with the tumor mass. The pretracheal node 
was also resected en bloc with the paratracheal mass. Final pathology revealed three 
lymph node metastases of a tall cell variant of papillary thyroid carcinoma with 
extranodal extension. The postoperative course was uneventful, with a satisfactory 
vocal outcome.

Fig. 27.1 Upper left: non-contrast-enhanced CT showing right paratracheal mass (white arrow). 
Lower left: 18FDG-PET-CT showing right paratracheal recurrent tumor (white arrow). Upper 
right: 18FDG uptake with a standard uptake value of 10.5. Lower right: 18FDG-PET showing 
uptake in three lesions on the right side of the neck—from top to bottom—level II, paratracheal 
and pretracheal, shown by black arrows
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Follow-up 18FDG-PET-CT performed at 10 months revealed retrosternal uptake 
in the middle mediastinum, with a 1  cm lesion visualized on contrast-enhanced 
CT. Postoperative levothyroxine-suppressed Tg was 4 ng/ml. This new recurrence 
will be monitored for progression and possibly resected via a sternotomy, if no new 
lesions are discovered and the lung metastases remain stable.

 Workup/Diagnosis

• How do we know that this patient has RAI-refractory disease?

At the fourth administration of a therapeutic dose of RAI, no uptake was seen on 
SPECT, but the micrometastases were still visible on CT and Tg was still elevated, 
proof of persistent disease despite RAI [1]. The definition of RAI-refractory disease 
encompasses patients with metastases that never showed any uptake of RAI, even 
on the first therapeutic whole body scan, patients with lesions that initially were 
RAI avid and then lost the ability to concentrate RAI, patients harboring both RAI 
avid and RAI not-avid lesions, and, finally, disease that progresses despite a high 
cumulative dose of RAI [1].

• Was FNAC necessary if 18FDG-PET-CT showed significant uptake?

The reported specificity of 18FDG-PET-CT for recurrence in the neck is 67% [2], 
whereas the specificity of ultrasound is 89%. Ultrasound-guided FNAC with Tg 
measured in the needle aspirate fluid has a reported specificity of 95% [3]. Thus, 
FNAC with measurement of Tg in the needle washout fluid, when possible, improves 
diagnostic accuracy and avoids the pitfall of false-positive readings of 18FDG- 
PET- CT. FNAC also rules out other tumors, such as lung or head and neck cancer, 
in this older patient with a history of smoking.

• What does the previous course of the disease tell us about prognosis?

The extrathyroidal extension of the disease (pT3), the initial stage of the neck 
disease (N1b), the age of the patient at first diagnosis (59 years old), and his gender 
are risk factors for lower disease-free survival [4, 5]. The aggressive histopathologi-
cal variant of differentiated thyroid carcinoma (tall cell) has also been shown to be 
a risk factor for recurrent/persistent disease and worse survival [6, 7]. In rare cases, 
tall cell carcinoma (≥ 50% tall cells) and carcinoma with tall cell features (30–49% 
tall cells) have also been found to show anaplastic transformation in the recurrent 
tumor [6].

The lymph node ratio—13/20 or 0.65 in this patient after the first reoperation—
has also been shown to portend a lower rate of disease-free survival. A rate of 0.3 or 
above was associated with a 3.4 times higher rate of persistent or recurrent disease 
in the study by Vas Nunes et al. [8]. A cutoff of 0.7 was associated with worse prog-
nosis for Schneider et al. [9]. Extranodal spread of disease—a further risk factor—
was not noted on the pathological report from the first reoperation in the neck in our 
patient, although it was evident after the operation at our institution.
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• What other imaging or explorations could or should be performed to determine 
resectability of the neck disease?

In a reoperative situation with macroscopic surgical targets in proximity to the 
carotid artery, trachea, and esophagus, morphological imaging such as contrast- 
enhanced CT or MRI may improve prediction of local invasion and aid surgical 
planning [10]. With recurrent disease close to the esophagus, endoscopic ultrasound 
may also be helpful in determining the depth of any invasion of the esophageal 
muscle wall [11]. Finally, laryngoscopy is highly recommended in cases with recur-
rent disease before reoperation to detect recurrent nerve paralysis from a previous 
operation or from locally invasive cancer [12, 13]. Preoperative laryngeal mobility 
was normal for our patient.

 Management

• What are the treatment options?

For resectable lesions, surgery is generally recommended, unless undue morbid-
ity is to be expected, due to the slowly progressive nature of the disease and the rela-
tively good prognosis over the short to medium term [14, 15]. External beam 
radiation therapy to the neck is an option for progressive but unresectable disease 
[15–17]. Other local therapies such as alcohol injection, radiofrequency ablation, or 
cryotherapy have not been widely studied in the treatment of large (>1 cm) neck 
recurrences. Systemic therapy with small molecule multikinase inhibitors with 
approved drugs or within the framework of a clinical trial are generally reserved for 
progressive distant metastases of significant volume, due to the long-term nature of 
this treatment and its toxicities. Confirmed invasion of the visceral axis may contra- 
indicate this type of systemic therapy with anti-angiogenic activity, however, due to 
the risk of perforation, fistula, or hemorrage [18, 19].

• What extent of surgery is recommended?

For our patient, several factors were in favor of surgery to remove the neck 
metastases: the good general health of the patient despite his comorbidities and age, 
the size of the metastases >1 cm, RAI-refractory disease, the progression of Tg, 
resectability ascertained on contrast-enhanced CT, the small volume of the lung 
metastases and their stability over 7  years, and the absence of other detectable 
lesions. The aim of surgery was to reduce tumor burden and to reduce the risk of 
symptoms in the neck from vascular and visceral invasion over time.

• Why was the recurrent nerve resected if it was functional?

Dissection of the tumor off of the nerve sheath is technically feasible, but gener-
ally leaves small disease on the nerve, with resection classified as R1 or R2 [20]. In 
our patient, however, the distal end of the nerve was entirely encased by the tumor, 
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and nerve preservation would have required leaving macroscopic residual tumor 
near the larynx, trachea, and esophagus (R2 resection). Our aim was to optimize 
loco-regional control in the neck and minimize the risk of invasion of the trachea 
and/or esophagus. With RAI-refractory tumors, this goal can be attained only with 
a macroscopically complete surgical resection.

Swallowing may be affected postoperatively, with aspiration of liquids, and 
patients should be monitored and receive swallowing rehabilitation if necessary. 
Voice outcomes are variable after resection of the recurrent nerve due to several fac-
tors: compensation from the contralateral side, bilateral innervation of the interary-
tenoid muscle, variable muscle atrophy, and some degree of reinnervation from 
nerve anastomoses and from the regional autonomous nerve system. Voice can be 
surgically improved with several methods based on volume augmentation of the 
paralyzed vocal fold or medialization of the vocal fold or the arytenoid cartilage, 
generally with excellent results [21]. Our patient did not have any postoperative 
dysphagia and considered his voice satisfactory; he declined any type of interven-
tion to improve voice.

• What outcome can be expected?

A survival rate of 10% at 10 years and 6% at 15 years has been reported for 
patients harboring RAI-refractory metastatic disease [22]. In the same study, how-
ever, an intermediate group of patients aged >40 with RAI-refractory disease but 
low tumor burden and micronodular lung metastases had a survival rate of 67% at 
10 years. Our patient falls into this intermediate group with a relatively good prog-
nosis (better than many other solid tumors). This prognosis justifies loco-regional 
treatments when possible to maintain a low tumor burden and avoid symptoms from 
progressive disease. For patients with multiple recurrences in the neck, Kim et al. 
[23] showed a 10-year disease-specific survival rate of 83% as compared to patients 
with no recurrence or only one recurrence whose 10-year disease-specific survival 
rate was 100%.

Reoperative surgery in the neck must be preceded by a meticulous preoperative 
imaging workup, in order to foresee possible complications or sequelae and inform 
the patient preoperatively, but also to find and completely map all of the neck metas-
tases in order to resect all of them, and not “leave behind” persistent disease [24, 
25]. Morbidity for reoperation is higher than for primary neck dissection, with a 
higher risk of unintended nerve injury (recurrent, spinal accessory, and phrenic 
nerves in particular), tracheal or esophageal injury, and chyle leak (due to damage 
to the lymphatic system, usually the thoracic duct) [25–27]. Patients should be 
informed of possible complications preoperatively, but also reassured that the surgi-
cal team has knowledge and experience in effectively managing these complica-
tions. Intentional resection of the recurrent nerve, more frequent in the reoperative 
setting [24], should be discussed with the patient preoperatively, with information 
regarding the effectiveness of a vocal rehabilitation procedure secondarily if needed.

Recurrence after reoperative surgery has been reported to occur in 40–66% of 
cases [25, 26, 28–30]. The main cause of recurrence is inherent disease aggressive-
ness, but insufficient workup, “missing” metastatic nodes at the first reoperation, 
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can also cause recurrent/persistent disease [25]. A persistently elevated stimulated 
Tg level after reoperation is a risk factor for further recurrence [28].

Several techniques have been developed to aid in finding and resecting recur-
rences, often difficult to locate due to scarring from previous operation(s). 
Intraoperative ultrasound may be performed but requires training in ultrasonogra-
phy or bringing the radiologist into the operating room. Radio-guided surgery with 
RAI (when uptake is present) may aid, particularly for metastatic nodes in the medi-
astinum or retropharyngeal nodes, not seen on ultrasound [31]. 18FDG-PET-guided 
surgery has been described but is not yet widely employed due to technical con-
straints [32, 33]. Harpoon-guided (hooked-needle) surgery has been described but 
may be delicate for small metastases close to major vascular structures such as the 
carotid artery and internal jugular vein [34]. Ultrasound tattoo-guided surgery, using 
colloidal charcoal or methylene blue, is relatively simple to implement, with high 
rates of localization, but is only applicable to lesions that can be visualized on ultra-
sound and that are accessible with a needle [35–37]. Due to the size of the recur-
rences, which were well visualized on CT and their anatomic locations, we did not 
use localizing techniques in this patient, however.

 Conclusions

Patients with a low tumor burden and stable disease generally have a relatively long 
survival, and aggressive surgery may be advantageous for resectable, progressive 
lesions in the neck, taking into account other treatment options and quality of life. 
Recurrent lesions near the visceral axis should be explored with morphological 
imaging techniques and laryngoscopy to determine resectability. In recurrent dis-
ease, a complete diagnostic workup is necessary, to avoid the pitfall of falsely posi-
tive lesions, but also to detect concurrent lesions. Patients should be informed of the 
surgical risks and be aware of the possibility of further recurrences despite macro-
scopically complete reoperative surgery.
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Chapter 28
A Case of Fistula After Adjuvant External 
Beam Radiotherapy and Lenvatinib 
for High-Risk Follicular Thyroid Cancer

Carmen Kut, Angela Liang, and Ana P. Kiess

 Initial Presentation

A 60-year-old man was initially diagnosed with thyroid cancer after presenting with 
a bulky left neck mass, dysphagia, and shortness of breath. He underwent total thy-
roidectomy with tracheal shave resection, which showed the presence of invasive 
follicular thyroid carcinoma with a poorly differentiated insular component. The 
tumor mass was over 10 cm, primarily in the left thyroid lobe, with lymphovascular 
invasion and substernal extension adherent to the trachea. He subsequently received 
radioactive iodine, but presented to the hospital 18 months later for acute respiratory 
distress and voice hoarseness. Direct laryngoscopy showed left vocal cord paralysis 
and a mass involving the anterior tracheal wall. Computed tomography (CT) imag-
ing of the neck showed a tumor in the left thyroid operative bed with erosion through 
the left cricoid cartilage, first tracheal ring, and esophagus. Computed tomography 
(CT) imaging of the chest was concerning for numerous small pulmonary nodules. 
Neck ultrasound showed enlarged lymph nodes in the left level VI.

 Surgical Resection and Pathologic Findings

The patient underwent fine needle aspiration (FNA) of a left level VI lymph node in 
the neck, which was consistent with recurrence of follicular thyroid carcinoma. 
Consequently, he proceeded with total laryngectomy, bilateral central neck 
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dissection, left selective neck dissection (levels IIA-V), cricopharyngeal myotomy, 
removal of the esophageal muscularis, and placement of a tracheoesophageal punc-
ture voice prosthesis (TEP). Pathology showed a 3.5 cm invasive follicular carci-
noma with predominantly poorly differentiated insular component, extending 
through the cricoid into the laryngeal submucosa; surgical margins were negative. 
There was positive lymphovascular invasion. Left neck dissection yielded meta-
static carcinoma in 1 of 26 lymph nodes without extracapsular extension. The 
4-month postoperative thyroglobulin level was elevated at 192 ng/mL. Genetic anal-
ysis of his surgical resection specimens (Foundation One) showed a telomerase 
reverse transcriptase (TERT) promoter mutation but no actionable findings for sys-
temic therapy. BRAF mutation was not detected.

 Consideration of Adjuvant Radiation Treatment in High-Risk 
Follicular Thyroid Cancer

Overall, this 60-year-old patient presented to the radiation oncology clinic with 
recurrent poorly differentiated follicular thyroid cancer (initially staged pT4aN0M0 
by AJCC eighth edition). He had many high-risk features for locoregional recur-
rence including poorly differentiated histology with insular component, extrathyroi-
dal extension with involvement of the cricoid, trachea and esophagus, and recurrence 
after prior radioactive iodine. While his imaging showed numerous small pulmo-
nary nodules suspicious for distant metastases, these nodules were asymptomatic 
and in thyroid cancer may have relatively indolent growth. As a result, we recom-
mended adjuvant radiation treatment for local control of his thyroid cancer.

External beam radiotherapy (EBRT) is optimally used in the subset of thyroid 
cancer patients at high risk for locoregional recurrence or progression. These risk 
factors can be described as follows: locally invasive disease, older age, unfavorable 
histology (poorly differentiated, insular, tall cell, columnar, Hurthle cell), and low 
RAI uptake [1–3]. Recent literature has indicated that gross extrathyroidal exten-
sion is strongly associated with risk of locoregional recurrence when compared with 
minimal extrathyroidal extension [1, 4–6]. Per AJCC eighth edition, stage T4a is 
defined as involvement of the recurrent laryngeal nerve, trachea, larynx, esophagus, 
and/or subcutaneous tissues. Surgical resection for patients with T4a disease is 
often challenging and may require shaving tumor off the recurrent laryngeal nerve, 
trachea, larynx or esophagus, with associated risk for gross or microscopic residual 
disease and high risk of locoregional recurrence.

For these high-risk patients, EBRT has been shown to significantly decrease the 
rate of locoregional recurrence. For example, Keum et al. evaluated 68 patients with 
papillary thyroid cancer invading the trachea who underwent shave excision of the 
tracheal cartilage and found that the locoregional recurrence rate with adjuvant 
EBRT (8%, 2 of 25 patients) was much lower than that with surgery only (51%, 22 
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of 43 patients) [6]. Similarly, Chow et al. evaluated 131 patients with resection of 
pT4a papillary thyroid cancer and found that adjuvant EBRT (compared to RAI 
alone) improved 10-year locoregional failure-free survival from 72% to 88% [7]. 
Thus, while current American Thyroid Association guidelines do not recommend 
routine indications for adjuvant EBRT for differentiated thyroid carcinomas, they 
do recommend consideration of EBRT for individual patients after serial neck reop-
eration for locoregionally recurrent disease [8]. Also, the American Head and Neck 
Society (AHNS) Endocrine Surgery Guidelines recommend consideration of adju-
vant EBRT for differentiated thyroid carcinomas in select patients over 45 years old 
with high likelihood of microscopic residual disease and low likelihood of respond-
ing to RAI [9].

 Considerations in Radiation Planning: Balancing Local 
Control and Toxicity

In radiation planning, it is important to strike a balance between therapeutic benefit 
and toxicity risks. While drug therapies tend to cause systemic side effects, the side 
effects associated with external beam radiation therapy are primarily in tissues that 
have been irradiated [10].

Early (or acute) side effects for thyroid cancer irradiation manifest within the 
first 3 months of radiation treatment and often include skin erythema, dry or moist 
desquamation of the skin, and inflammation of mucous membranes in the head and 
neck region. Early toxicities can also include dry mouth, hoarseness, and dysphagia. 
Late (or long-term) side effects, on the other hand, can manifest months to years 
following radiation treatment and are often caused by tissue hypoxia, activation of 
cytokine cascades, and macrophage accumulation leading to fibrosis and excessive 
extracellular matrix and collagen depositions [10, 11]. Over time, these late 
treatment- related side effects can lead to esophageal fibrosis/stenosis, dysphagia, 
lymphedema, hoarseness, and dry mouth. As a result, careful radiation planning is 
essential in optimizing local control while minimizing radiation-related toxicity to 
various tissues/organs and maintaining overall quality of life for the patient.

Intensity-modulated radiation therapy (IMRT) is the preferred modality for head 
and neck cancer irradiation as it facilitates the delivery of differential radiation 
doses to different areas at risk [12]. In other words, IMRT allows higher doses to 
small, high-risk areas to maximize locoregional control while distributing lower 
doses to low-risk areas to minimize side effects. To achieve this, we generally use 
IMRT to prescribe several distinct dose levels for differentiated thyroid cancer. For 
example, the AHNS Endocrine Surgery Guidelines recommend 70  Gy for gross 
disease, 66 Gy for areas with positive surgical margins or shave excision, 60 Gy for 
high-risk microscopic disease areas (including thyroid bed, tracheoesophageal 
groove, and level VI cervical nodes), and 54 Gy for low-risk microscopic disease 
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areas [9]. These doses are similar to those reported in previous studies. Terezakis 
et  al. (2009) and Rosenbluth et  al. (2015) used 63–70  Gy for gross disease, 
59.4–63 Gy for high-risk microscopic disease areas, and 54 Gy for low-risk micro-
scopic disease areas, including nodal regions in the neck [3, 13]. Romesser et al. 
(2014) and Beckham et al. (2018) similarly used 70 Gy for gross disease, 66 Gy for 
close or microscopically positive margins, 60 Gy for high-risk areas, and 54 Gy for 
low-risk areas [1, 14].

Furthermore, it is important to consider radiation dose to at-risk organs including 
the parotid and submandibular glands (for xerostomia risk), the esophagus and cri-
copharyngeus (for dysphagia risk), and the larynx (for dysphonia and dysphagia 
risk) [15]. For thyroid cancer irradiation, sparing uninvolved cervical nodes superi-
orly can be safe in certain circumstances and can help to reduce xerostomia [15]. 
For example, this patient underwent bilateral neck dissection with only one involved 
lymph node in the left neck level VI. As a result, we spared the upper neck to limit 
xerostomia and taste change. As for the esophagus, even the best IMRT plan cannot 
completely spare this organ. The esophagus is often partially included in the clinical 
target volume (CTV), especially in cases of invasive disease in the tracheoesopha-
geal groove. However, careful delineation of the CTV and the use of IMRT with 
differential doses for high and elective risk areas can reduce the volume of the 
esophagus receiving high-dose radiation.

For our patient with recurrent poorly differentiated follicular thyroid cancer and 
multiple high-risk features for additional locoregional recurrences in the future, we 
provided adjuvant image-guided, intensity-modulated radiotherapy (IGIMRT) to 
the thyroid bed and bilateral neck. This included 6000 cGy in 30 fractions to the 
local postoperative bed and 5400 cGy in 30 fractions to the bilateral central neck 
and left lateral neck with sparing of the upper neck to limit xerostomia (Figs. 28.1, 
28.2, and 28.3). Overall, our goal was to provide adequate radiation dose for long-
term disease control while limiting treatment-related side effects.
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Fig. 28.1 Patient’s radiation dose distribution at cross sections (a) and (b) in coronal (top) and 
axial (bottom) views
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 Patient Outcome with Radiation Treatment: Side Effects 
and Locoregional Control

With careful radiation planning, our patient experienced relatively mild acute 
treatment- related side effects (Table 28.1) with grade 1 xerostomia, grade 1 dyspha-
gia, and grade 2 mucositis. This is in comparison with recent literature that quotes 
relatively higher rates of acute treatment-related toxicities with grade 3 rates at 
0–2% for xerostomia, 2–11% for dysphagia, and 14–23% for mucositis [1, 14].

However, this patient did develop significant late treatment-related side effects 
due to the combination of EBRT, the use of tracheoesophageal puncture (TEP), and 
subsequent treatment with tyrosine kinase inhibitors (TKIs) starting 5 months after 
EBRT (Table 28.1). This combination resulted in the development of a rare late 
complication of grade 3 tracheoesophageal fistula by 15-month follow-up.

Over time, his symptoms gradually improved with careful titration of his TKIs 
and multiple additional interventions including the removal of his tracheoesopha-
geal puncture prosthesis, placement of a feeding tube, and surgical repair of the 
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Fig. 28.2 Patient’s planning treatment volumes (PTV) at cross sections (a) and (b) in coronal 
(top) and axial (bottom) views
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Fig. 28.3 Patient’s contours and average radiation dose to normal tissues at cross sections (a) and 
(b) in coronal (top) and axial (bottom) views
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tracheoesophageal fistula. By 39 months of follow-up, his fistula was healed and he 
reported no evidence of dysphagia; his weight returned to baseline, and he was able 
to tolerate a regular oral diet.

In terms of disease control, the patient achieved long-term locoregional control 
with no evidence of recurrence in the neck at any point after EBRT. However, he 
developed an increase in number and size of pulmonary nodules, which prompted 
the initiation of systemic TKI therapy 5 months after the completion of EBRT.

 Initiation of Systemic Therapy for Locally Advanced or 
Metastatic Thyroid Cancer

Following surgical resection and radiation treatment, the patient’s 5-month postop-
erative thyroglobulin levels remained elevated at 192 ng/mL, consistent with resid-
ual thyroid cancer. His follow-up CT scans showed progression of small pulmonary 
nodules bilaterally, consistent with metastatic lung disease.

Generally, radioactive iodine (iodine-131) is the mainstay of systemic therapy 
for patients with advanced metastatic thyroid cancer. In approximately 30–40% of 
these patients (primarily young patients with small metastases and well- differentiated 
thyroid tumors), there is very high uptake of radioactive iodine and good long-term 
disease control with this treatment [16–18]. However, the remaining 60–70% of 
patients develop recurrence after radioactive iodine treatment with disease that is 
refractory to radioactive iodine [16, 18]. This is the case with our patient, who 
received radioactive iodine treatment after his initial thyroidectomy and unfortu-
nately relapsed with significant tumor burden 18 months after initial presentation. 
As a result, following EBRT, he was started on an alternative systemic therapy, the 
tyrosine kinase inhibitor lenvatinib.

Table 28.1 Acute and late treatment-related side effects

Time 
after RT 
start 
(mo)

Xerostomia 
(Grade)

Dysphagia 
(Grade)

Oral 
mucositis 
(Grade)

Weight 
change Fatigue Appetite

Feeding 
tube 
(Y/N)

Acute treatment-related side effects
1 0 1 0 Baseline Mild Baseline N
3 1 0 2 Baseline Mild Baseline N
Late treatment-related side effects
6 1 0 0 −7 lbs Mild Baseline N
10 1 1 0 −20 lbs Mild Decreased N
15 1 3 0 −50 lbs Severe Baseline Y
25 1 3 0 N/A Baseline Baseline Y
29 0 1 0 +60 lbs Baseline Baseline Y
39 0 0 0 N/A Baseline Baseline N
45 0 0 0 N/A Baseline Baseline N

N/A Data not available at that time point
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Lenvatinib is FDA-approved for use in patients with locally advanced or meta-
static differentiated thyroid cancer that is refractory to radioactive iodine [16]. It is 
an oral multi-kinase inhibitor that targets a broad-spectrum kinases, including 
VEGF receptors 1–3, FGF receptors 1–4, and oncogenes RET, KIT, and PDGF 
receptor α [19]. Data from the SELECT trial, a phase 3 clinical study, demonstrate 
that lenvatinib significantly improves median progression-free survival to 
18.3 months (compared with placebo at 3.6 months) [20]. While the SELECT trial 
data is very promising, it also links lenvatinib with multiple potential adverse events. 
The most common side effects include hypertension, fatigue, rash, diarrhea, nausea/
vomiting, and weight loss. Since lenvatinib is an anti-VEGF tyrosine kinase inhibi-
tor, it has a 3–15% incidence of cardiac dysfunction, with 1–10% developing symp-
tomatic heart failure [16, 21, 22]. It can also increase the risk of acute coronary 
syndrome and arrhythmias [16]. In the kidneys, the anti-VEGF action of lenvatinib 
can lead to proteinuria and kidney failure [20]. While less common, lenvatinib can 
also cause arterial and venous thromboembolic events (5.4% incidence) and liver 
failure (0.4%) [20]. Furthermore, lenvatinib has been associated with rare but seri-
ous adverse events such as bleeding and increased risk of fistulas (both gastrointes-
tinal and autodigestive; 1.5%). As a result, patients on TKIs such as lenvatinib must 
be closely monitored for adverse events. While the recommended initial dose of 
lenvatinib is 24 mg once a day in 28-day cycles [16], the SELECT trial showed that 
78% of patients required dose reduction and 14% of patients required discontinua-
tion of lenvatinib due to adverse events [20].

Considering the above data, our patient was initiated on lenvatinib at 24 mg daily 
(9-months postoperatively, 5  months  s/p completion of radiation treatment) and 
closely monitored for possible side effects. He did very well initially. While he 
required a brief treatment break at 2 months after initiation of lenvatinib due to soft 
tissue sores at the tracheostomy site, his thyroglobulin levels reached <10 ng/ml and 
his CT chest showed interval decrease in the number and size of pulmonary nod-
ules. However, after 6 months of lenvatinib, he started to experience significant side 
effects including neck pain and a 50-lb weight loss. As a result, his lenvatinib dose 
was reduced to 20 mg, then 14 mg, and ultimately discontinued 8 months later when 
he was diagnosed with a tracheoesophageal fistula (Fig.  28.4). He required an 
enteral feeding tube for nutritional support (first a nasogastric tube, later replaced by 
a jejunostomy tube).

 Development of Tracheoesophageal Fistularization 
and Associated Risk Factors

Targeted therapy with tyrosine kinase inhibitors with antiangiogenic activity has 
now become standard of care in most types of metastatic, progressive, radioiodine- 
resistant thyroid cancer [23]. While these drugs were thought initially to be less 
toxic compared with traditional chemotherapy, they can induce rare and severe tox-
icities. These include aerodigestive fistula formation and associated bleeding, respi-
ratory distress, and abscess formation [23]. While rare, thyroid cancer patients who 
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developed tracheoesophageal fistulas tend to share one or more of the following risk 
factors: (1) invasion of thyroid cancer into the esophagus or trachea (in this patient’s 
case, requiring laryngectomy and partial esophageal resection); (2) history of exter-
nal beam radiotherapy; (3) instrumentation of the trachea or esophagus (in this 
patient’s case, the presence of tracheoesophageal puncture prosthesis) [23].

Tracheoesophageal puncture (TEP) is an elective procedure introduced in the 
1980s [24]. In this simple procedure, a small puncture is created between the trachea 
and the esophagus, and a one-way air valve system diverts the tracheal air into the 
pharynx. The patient can then occlude the stoma and use one-way airflow to cause 
vibrations of the pharyngoesophageal sphincter to create speech. This option has 
become increasingly popular due to its high success rate of vocal rehabilitation and 
fast time frame to achieve intelligible speech [25]. However, use of a TEP relies on 
the contractile properties of the soft tissues surrounding the prosthesis to both retain 
the prosthesis and also to prevent salivary and food leakage around the prosthesis, 
which can predispose the patient to aspiration pneumonia [24]. This is especially a 
concern if the patient has predisposing risk factors (e.g., radiation therapy, impaired 
nutrition, diabetes, or liver disease) that may reduce the integrity of the TEP tract [24, 
26]. Recent literature has found that there is considerable risk of fistula tract enlarge-
ment at the TEP site (ranging from 4% to 26%). As a result, for patients with advanced 
thyroid cancer, the consideration of placing a TEP must take into account the poten-
tial need for future neck radiotherapy and/or antiangiogenic medications such as TKIs.

Given multiple risk factors, this patient was closely monitored with imaging and 
clinical exams. Approximately 18 months postoperatively (13 months s/p comple-
tion of radiation treatment, 8 months after initiation of lenvatinib), he developed 
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Fig. 28.4 Patient’s thyroglobulin (TG) levels over time. Upper limit of normal is 35  ng/
mL. Systemic therapy duration and doses are shown on the same timeline, as well as events related 
to tracheoesophageal (TE) fistula. Pembrolizumab was given at 200 mg IV every 3 weeks. (RT: 
radiation treatments, TKI: tyrosine kinase inhibitors, TE fistula: tracheoesophageal fistula, J tube: 
jejunostomy tube)
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profuse leakage of both liquids and solids around the TEP. As a result, lenvatinib 
was discontinued. He was restricted to NPO (nothing by mouth) and required feed-
ing tube placement for enteral nutrition. The tracheoesophageal voice prosthesis 
was removed and closed. He underwent two reconstructive surgeries for repair of 
the persistent tracheoesophageal fistula with local flaps. Over time, the fistula healed 
and the patient was able to tolerate an oral diet (12 months s/p cessation of lenva-
tinib) (Figs. 28.4 and 28.5).

However, after lenvatinib was discontinued, the patient’s thyroglobulin increased 
from <10 ng/mL to 803 ng/mL and his CT chest showed worsening metastatic dis-
ease with increased size and number of pulmonary nodules. As a result, he ulti-
mately resumed TKI therapy with 800 mg pazopanib (16 months s/p cessation of 
lenvatinib) (Figs. 28.4 and 28.5). Pazopanib is a multi-kinase inhibitor which inhib-
its VEGF receptors, PDGF receptors, FGF receptors, cytokine receptors (cKIT), 
IL-2 receptor inducible T cell kinase, lymphocyte specific protein tyrosine kinase, 
and transmembrane glycoprotein tyrosine kinase. Pazopanib has lower reported fis-
tularization risk (1%) compared to lenvatinib.

Our patient responded to pazopanib therapy with a reduction in his thyroglobulin 
level to 138 ng/mL and associated radiographic response. Eventually, pazopanib 
was also discontinued due to radiographic evidence of a recurrent, small tracheo-
esophageal fistula. His fistula healed, but thyroglobulin levels increased again to 
1322 ng/mL (Figs. 28.4 and 28.5). Single-agent anti-PD1 agents such as pembroli-
zumab were considered but have only been associated with 10–20% partial response 
rates in thyroid cancer [27]. Therefore, he is currently being treated with salvage 
pembrolizumab (200 mg IV every 3 weeks) and low-dose TKI therapy (10 mg len-
vatinib daily). A recent retrospective study with 12 patients has shown 42% partial 
response rate with the combination of pembrolizumab and TKI [27]. He is tolerat-
ing this therapy well to date with no evidence of recurrent fistula.
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Fig. 28.5 Sagittal CT images showing development of tracheoesophageal fistula (blue arrow) 
requiring multiple interventions including cessation of tyrosine kinase inhibitors and surgical fis-
tula repair (TKI1: lenvatinib, TKI2: pazopanib, TEP: tracheoesophageal prosthesis)

28 A Case of Fistula After Adjuvant External Beam Radiotherapy and Lenvatinib…



258

 Conclusion and Future Directions

In this case report, we presented a 60-year-old man with recurrent poorly differenti-
ated follicular thyroid cancer (initially staged pT4aN0M0). He had multiple high- 
risk features including poorly differentiated histology with insular component, 
extrathyroidal extension with involvement of the cricoid, trachea and esophagus, 
and recurrence after prior radioactive iodine treatment. As a result, he underwent 
extensive surgical resection including total laryngectomy, bilateral neck dissection, 
tracheal shave resection, and cricopharyngeal myotomy. A tracheoesophageal punc-
ture was performed with placement of a voice prosthesis. He was also treated with 
adjuvant external beam neck radiotherapy and subsequent systemic therapies 
including the antiangiogenic multi-kinase inhibitors lenvatinib and pazopanib. Over 
time, he developed a tracheoesophageal fistula requiring multiple surgical interven-
tions, enteral feeding, and therapy changes. At 6.5 years after his initial diagnosis, 
the patient is now doing well, eating an oral diet with no evidence of locoregional 
recurrence and continued control of lung metastases. However, in our practice, we 
are now very cautious about placing TEP prostheses in patients who may require 
adjuvant EBRT and/or antiangiogenic therapy. In addition to fistularization risks, 
multi-kinase inhibitors harbor activity against a broad range of targets and can lead 
to other significant toxicities (including cardiac dysfunction, kidney failure, throm-
boembolic events, and liver failure). As a result, when prescribing multi-kinase 
inhibitors, it is essential to closely monitor these patients for complications and 
provide early interventions when indicated.

Novel, selective kinase inhibitors are under development for advanced thyroid 
cancer that could provide similar therapeutic benefits with significantly less associ-
ated side effects. For example, for advanced thyroid cancers with RET mutation 
(e.g., medullary thyroid cancer or RET rearranged papillary thyroid carcinoma), the 
selective RET inhibitor selpercatinib has recently been FDA-approved based on 
results of the LIBRETTO-001 phase 1/2 trial, and multiple other trials with selper-
catinib are underway [28, 29]. Since this drug does not have antiangiogenic target-
ing, it has significantly fewer associated risks and side effects. In addition, advances 
in external beam radiotherapy may reduce potential toxicities such as decreasing 
elective target volume in select patients and testing the use of proton therapy for 
thyroid cancers. These advances point toward a future with more personalized and 
targeted therapy options with less associated risks for patients with advanced thy-
roid cancer.
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Chapter 29
RAI Refractory Differentiated Thyroid 
Cancer with Multiple-Organ Progressive 
Disease

Steven I. Sherman

 Case Presentation

A 44-year-old woman presented for treatment for progressive follicular variant of 
papillary thyroid carcinoma despite surgeries and radioiodine. She had undergone a 
total thyroidectomy and adjuvant radioiodine with 175 mCi 131-I at age 39 for a 
5.5 cm tumor with extensive lymphovascular invasion. Given persistently abnormal 
serum thyroglobulin levels, she received an additional radioiodine treatment with 
150 mCi, but posttreatment scan was negative. After referral to a comprehensive 
cancer center for further management, she underwent two additional surgeries for 
recurrent tumor in the right thyroid bed and upper mediastinum, including multiple 
soft tissue deposits. A chest computed tomography (CT) demonstrated numerous 
subcentimeter lung nodules bilaterally that subsequently demonstrated no uptake of 
either fluorodeoxyglucose on positron emission tomography or radioiodine on a 
5 mCi diagnostic scan. Despite aggressive TSH-suppressive thyroid hormone ther-
apy, she developed a chronic, nonproductive cough without hemoptysis, and recur-
rent tumor was palpable at the junction of the right cricoid and trachea. Her lung 
nodules had grown significantly over a 6 month interval, and right tracheoesopha-
geal groove recurrence with involvement of the tracheal wall was confirmed on CT 
(Fig. 29.1). Tumor mutation profiling revealed an activating mutation in codon 61 in 
the NRAS gene, without RET or NTRK gene rearrangements. The patient’s case was 
presented at Multidisciplinary Tumor Board for treatment planning.
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 Literature Review

For patients with metastatic DTC who progress despite surgery, radioiodine, and 
TSH suppressive thyroid hormone, biologically targeted systemic therapies have 
emerged as effective treatments for progressive, radioiodine-refractory differenti-
ated thyroid carcinoma (RR-DTC), although side effects can be considerable and 
overall survival has not yet been demonstrated to improve with treatment in most 
settings.

Given that these systemic therapies for patients with progressive RR-DTC are 
generally not curative and can have significant toxicities, careful attention must be 
paid to appropriate patient selection for these treatments. The first priority is to 
identify which patients actually have “radioiodine-refractory” and “progressive” 
disease, although debate still exists about clinically optimal definitions [1–3]. An 
evolving standard is to combine scintigraphic imaging findings with clinical out-
comes, defining radioiodine-refractory disease as meeting any of the following four 
criteria: (1) tumors that are structurally evident on radiographic imaging that 

Fig. 29.1 Representative tumors and response to lenvatinib therapy in a 44-year-old woman with 
progressive radioiodine-refractory thyroid carcinoma. (a). Right tracheoesophageal groove recur-
rence with involvement of the tracheal wall prior to therapy. (b). Left lung metastasis prior to 
therapy. (c). Near resolution of the right tracheoesophageal groove recurrence after 2 months of 
lenvatinib therapy. (d). Near resolution of the left lung metastasis after 2  months of lenva-
tinib therapy
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demonstrate no uptake on postthyroidectomy radioiodine imaging; (2) tumors that 
previously concentrated radioiodine but no longer demonstrate uptake on subse-
quent scanning; (3) mixed uptake, visualizing radioiodine concentration in some 
lesions but not others; and (4) disease that progresses radiographically despite 
uptake of therapeutic radioiodine. Careful review of previous radioiodine imaging 
and preparation regimens must be performed before declaring a patient as “radioio-
dine refractory,” as proper dietary iodine restriction and TSH stimulation need to be 
assured to avoid false-negative imaging results [3]. Finally, patients may have meta-
static disease that could benefit from further treatments with radioiodine, but in 
whom the potential toxicity of additional radioiodine on bone marrow, pulmonary 
or salivary function is considered excessive and therefore radioiodine is no longer a 
reasonable treatment option.

“Progression” of disease also requires careful definition. For purposes of identi-
fying patients who should be considered candidates for therapy beyond radioiodine, 
a combination of the extent of metastatic disease, the rate of growth of that disease, 
and the potential for morbidity and mortality related to further tumor growth all 
need to be considered [2]. The extent of disease and rate of tumor growth can be 
assessed standardly by serial CT or magnetic resonance (MR) imaging. An emerg-
ing convention defines progressive disease warranting consideration of further ther-
apy as metastatic lesions measuring at least 1–2 cm, with the sum of the diameters 
of the largest tumor deposits increasing by at least 20% over a 12–24 month period, 
or the appearance of significant new metastatic lesions, as these are the patients 
most likely at highest risk for near-term complications or death from their cancer 
[2]. The presence or absence of symptoms or complications from metastatic disease 
or appearance of more rapidly growing tumors may modify the assessment. For 
example, a patient with a critically located vertebral metastasis may not be opti-
mally managed by active surveillance if a minimal degree of growth threatens ver-
tebral collapse, pain, or neurologic compromise. Similarly, a patient with extensive 
micrometastatic pulmonary disease that is growing very rapidly should also be con-
sidered for systemic therapy before reaching the 1–2 cm threshold [2]. In addition, 
some patients who experience locally progressive disease in the neck may benefit 
from neoadjuvant therapy that could facilitate subsequent surgery even in the 
absence of progressive distant metastases [1].

In the setting of a limited number of progressing lesions, localized therapy can 
be considered. For example, palliative stereotactic radiotherapy can be administered 
to a patient with a painful skeletal metastasis or an enlarging pulmonary metastasis 
compressing a bronchus with excellent symptomatic benefit. Radiofrequency and 
cryoablation are also useful for a variety of metastatic lesions in both soft tissue 
and bone.

However, the patient with multiple measurable, progressive, radioiodine- 
refractory metastases in one or more organs is a candidate for systemic therapy, 
usually with an orally administered kinase inhibitor [1]. Various kinases have 
emerged as potentially valuable targets for such inhibition in the treatment of can-
cer. In particular, the pro-angiogenic vascular endothelial growth factor receptor 
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(VEGFR) has been demonstrated to be a prime target in the surrounding tumor 
microenvironment for treatment of several solid malignancies. In addition to being 
pro-angiogenic, VEGFR has also been identified on tumor cells themselves, thus 
providing a positive feedback loop by which the tumor secretes the stimulatory 
ligand, i.e., VEGF, which is capable of binding to the cognate receptor on the tumor 
cell whose kinase signals upstream of multiple pro-proliferative cascades. Other 
oncogenic kinases, such as BRAF, are commonly mutated in papillary thyroid car-
cinoma and offer a second opportunity to target the tumor cell’s growth pathways. 
Less commonly found but highly promising targets are activated kinases that result 
from oncogenic gene rearrangements like RET/PTC and NTRK.

Several kinase inhibitors have regulatory approval for treatment of RR-DTC, 
including two multikinase inhibitors lenvatinib and sorafenib. Lenvatinib, in addi-
tion to targeting VEGFR and RET/PTC kinases, also inhibits several other angio-
genic kinases and therefore is a highly potent antagonist of angiogenesis. In a 
randomized phase III trial in 392 patients with progressive RR-DTC, lenvatinib 
markedly improved median progression-free survival compared with placebo, 
18.3 months versus 3.6 months (hazard ratio 0.21, 99% confidence interval [CI] 
0.14–0.31; p < 0.0001) [4]. In addition, four patients experienced prolonged com-
plete responses on lenvatinib, and the overall response rate (64.8% versus 1.5%) 
was significantly better in the lenvatinib group. Patients older than 65 years at the 
time of therapy initiation with lenvatinib had a significantly longer overall sur-
vival than those randomized to placebo (HR 0.53, 95% CI 0.31–0.91), but no 
survival benefit has been observed in ongoing follow-up of younger patients. The 
starting dose of lenvatinib was 24  mg by mouth, daily, although most patients 
required dose reductions and/or treatment interruptions. Common adverse events 
(in decreasing frequency) due to lenvatinib were hypertension, diarrhea, fatigue, 
decreased appetite, nausea or vomiting, decreased weight, and stomatitis. 
Although the immunotherapy drug pembrolizumab by itself appears to have mini-
mal activity in RR-DTC, combining pembrolizumab, 200 mg intravenously every 
3 weeks, with lenvatinib, 20 mg per day, yielded a 97% disease control rate and 
12-month progression-free survival of 74% in a preliminary report from a small 
phase II trial.

Sorafenib targets multiple kinases including VEGFR, RET/PTC, RAF, and 
platelet-derived growth factor receptor β. In a randomized phase III trial in 417 
patients with progressive RR-DTC, sorafenib significantly improved median 
progression- free survival compared with placebo, 10.8 months versus 5.8 months 
(hazard ratio 0.59, 95% CI 0.45–0.76; p < 0.0001) [5]. Although objective responses 
were uncommon, 6-month disease control rate was 54%. Preliminary analysis 
failed to suggest a significant impact of sorafenib on overall survival but follow-up 
continues. The starting dose of sorafenib was 400 mg by mouth, twice daily, and 
most patients required dose reductions and/or treatment interruptions. The most 
common adverse events (in decreasing frequency) due to sorafenib were hand-foot 
skin reaction, diarrhea, alopecia, rash or desquamation, fatigue, weight loss, and 
hypertension.
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Beyond these two approved drugs, several other multikinase inhibitors have been 
reported in phase II trials to have promising activity in treating patients with pro-
gressive RR-DTC [1]. The antiangiogenic agents axitinib, cabozantinib, pazopanib, 
sunitinib, and vandetanib are all VEGFR inhibitors that yielded up to 50% partial 
response rates in limited phase II trials and offer additional treatment options for 
selected patients. For example, pazopanib appears to be particularly well tolerated 
in older patients. Cabozantinib is currently under study in a randomized trial for 
patients who have progressed on previous therapy with either lenvatinib or sorafenib.

In addition to the multitargeted kinase inhibitors that likely primarily affect the 
tumor microenvironment, more selective targeting of intracellular kinases critical to 
tumor proliferation is a developing approach to treatment of progressive 
RR-DTC. Rearrangements leading to RET/PTC oncogenes producing activated 
RET kinase are the third most common driver mutations in PTC. Selpercatinib and 
pralsetinib are both highly selective inhibitors of RET kinase. At this writing, selp-
ercatinib has been FDA approved on the basis of an open-label, single arm trial in 
27 patients with RR-DTC. The overall response rate was 100% in patients who had 
never been treated with a kinase inhibitor, and 79% in those who had previously 
progressed on a kinase inhibitor [6]. Median duration of response was 18 months, 
and among those patients previously treated, median progression-free survival was 
20 months. The recommended starting dose is 160 mg orally twice daily. The most 
common side effects due to selpercatinib included dry mouth, diarrhea, constipa-
tion, nausea, abdominal pain, rash, hypertension, headache, fatigue, and edema. 
Pralsetinib remains under FDA review of results from its open label phase 1/2 trial 
that included 13 patients with RET-rearranged RR-DTC, who experienced a 91% 
partial response rate. Less commonly observed, rearrangements of NTRK genes can 
be similarly targeted with the highly selective kinase inhibitors larotrectinib and 
entrectinib, of which both have been FDA approved for RR-DTC, though the num-
bers of patients reported so far have been small.

Patients whose tumors contain activating mutations in BRAF have been treated 
with selective BRAF kinase inhibitors. In a single-arm phase II trial of vemurafenib, 
a highly selective antagonist of the V600E mutant BRAF kinase, a 38.5% response 
rate, and 18.8 month progression-free survival were reported in the primary cohort 
of 26 patients with BRAF-mutant RR-DTC who had not previously been treated 
with sorafenib [7]. Similar findings were also reported using a slightly less selective 
BRAF inhibitor, dabrafenib. By inhibiting signaling through a second, anti- apoptotic 
pathway, the mTOR inhibitor everolimus has also been shown to be active in 
RR-DTC, particularly in Hurthle cell tumors.

A very exciting and novel application of selective kinase inhibitors has been the 
attempt to “redifferentiate” RR-DTC. As first suggested in preclinical models, inhi-
bition of signaling through the mitogen-activated protein kinase (MAPK) pathway 
may allow restoration of sensitivity to radioiodine therapy. This hypothesis has been 
supported by several recent trials and retrospective series, in which patients with 
RR-DTC were treated with either a MEK inhibitor, a BRAF inhibitor, or both. In 
one series of 41 patients with RR-DTC who were treated with a variety of MAPK 
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pathway inhibitors, 78% acquired RAI uptake on diagnostic scans leading to subse-
quent therapy (median 131-I activity 154  mCi) [8]. Despite discontinuation of 
kinase inhibitor therapy after RAI treatment, durable partial response was reported 
in 40% of patients, and median time to progression following RAI administration 
without subsequent kinase inhibitor therapy was 14 months.

Cytotoxic chemotherapy has been used since the late 1960s in advanced DTC, 
but with little enthusiasm given early reports of limited efficacy and high toxicity 
[9]. Monotherapy with agents such as doxorubicin, cisplatin, or bleomycin yield 
very few responses that are of limited durability. A randomized trial compared the 
combination of doxorubicin and cisplatin with doxorubicin. Of the patients with 
metastatic DTC, complete or partial response was seen in 16% with combination 
therapy, whereas 31% had partial response with doxorubicin monotherapy. Notably, 
the two complete responses seen in the combination therapy arm lasted 33 and 
40  months, respectively. The combination of epirubicin and carboplatin yielded 
similar outcomes, though it was suggested in one study that pre-chemotherapy 
administration of recombinant human TSH might increase the therapeutic efficacy 
of the regimen.

Bone metastases often lead to considerable morbidity and increased risk for 
death [10]. As first suggested with metastatic breast carcinoma, osteoclast inhibitors 
such as bisphosphonates may reduce the frequency of skeletal-related events (SRE) 
such as fracture and improve pain control from bone metastases. A retrospective 
study reported that monthly infusions of zoledronic acid, 4 mg, improved 3-year 
SRE-free rates by 50–86%, compared with no bisphosphonate treatment. Thyroid 
cancer bone metastases likely respond similarly to the anti-osteoclast monoclonal 
antibody denosumab, which is also approved for reduction of SREs from solid 
tumor bone metastases. In one retrospective series, survival was longer in patients 
treated with denosumab, often in addition to radioiodine.

 Management of the Case

The patient had developed clear evidence of progressive, RR-DTC, having had a 
negative posttreatment radioiodine scan followed by a negative diagnostic scan 
despite growing, macronodular lung metastases and local neck recurrence. Her 
head and neck surgeon felt the palliative surgical option was a total laryngectomy 
and tracheostomy and recommended consideration of systemic therapy instead, 
given her progressing pulmonary metastases. After consensus treatment planning, 
she was started on lenvatinib, 24 mg by mouth daily. Within several weeks, she 
developed severe hypertension requiring lenvatinib dose reduction while antihyper-
tensive therapy was titrated upward. After 4 weeks, she was able to reescalate her 
lenvatinib back to 24 mg daily, keeping her blood pressure controlled medically and 
tolerating grade 1 side effects of fatigue, decreased appetite, and pain on the soles 
of her feet while walking. After 2 months of therapy, restaging CT scans showed 
near- complete resolution of her lung metastases and tracheoesophageal groove 
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recurrence (Fig.  29.1). Her serum thyroglobulin level declined from 220  ng/mL 
before lenvatinib to 5 ng/mL after 4 months of the kinase inhibitor. Due to worsen-
ing erythrodysesthesia of the feet, her lenvatinib dose was reduced over several 
steps to 14 mg daily for 3 weeks of every 4 week cycle. Other than development of 
a painful thoracic vertebral metastasis that required stereotactic beam radiosurgery 
for symptom palliation, she has maintained a stable response to lenvatinib therapy 
for 4 years.
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Clinical Pearls
• Careful review of radioiodine imaging, clinical responses to radioiodine 

therapy, and serial tomographic imaging is necessary to identify patients 
with progressive, radioiodine-refractory DTC.

• Antiangiogenic multitargeted kinase inhibitors lenvatinib and sorafenib 
prolong progression-free survival, leading to frequent tumor shrinkage and 
partial responses, but evidence of improvement in overall survival remains 
lacking.

• Toxicities of multitargeted kinase inhibitors are considerable, but usually 
can be addressed by careful symptom management and dose 
modification.

• Highly selective kinase inhibitors targeting specific mutated oncogenic 
kinases are demonstrating high response rates and may lead to redifferen-
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Chapter 30
RAI-Refractory Differentiated Thyroid 
Cancer and Lung Lesions Causing 
Bleeding

Steven I. Sherman

 Case Presentation

A 74-year-old woman presented for her routine follow-up noting recent develop-
ment of a cough productive of blood-tinged sputum for the past 3  months, not 
associated with fever, shortness of breath, chest pain, or other systemic symptoms. 
By her report, she averaged about one to two teaspoons of bloody sputum each 
morning. Her past history is notable for a 3 cm, locally invasive, poorly differenti-
ated carcinoma of the thyroid, treated with total thyroidectomy 6 years previously. 
Adjuvant radioiodine, 150  mCi, had been administered, with post-therapy scan 
uptake noted only in the thyroid bed. Two additional radioiodine treatments had 
been given during the next 2 years, 180 and 200 mCi, respectively, with concurrent 
stimulated thyroglobulin levels of about 20 ng/mL, but no pathologic uptake had 
been noted on post-therapy imaging. One month after her third radioiodine treat-
ment, computed tomography (CT) scans had been performed, demonstrating 
extensive metastatic adenopathy in bilateral and central neck compartments and 
bilateral subcentimeter pulmonary nodules. Following a bilateral, central, and 
mediastinal neck dissection and postoperative adjuvant external beam radiother-
apy, her TSH- suppressed serum thyroglobulin level had declined to 2 ng/mL. She 
had remained clinically and radiographically stable for the intervening 3  years 
until her current presentation with hemoptysis, although the serum thyroglobulin 
had risen to 88 ng/mL at her last evaluation 6 months ago. Examination of her 
upper airway including indirect laryngoscopy demonstrated no focal lesions or 
bleeding, there were no masses palpated in the neck, and her lungs were clear to 
percussion and auscultation. With an undetectable serum TSH, her thyroglobulin 
level was 2241 ng/mL. A CT scan demonstrated an enlarging 1.6 cm pulmonary 
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nodule in the left upper lobe and a 2.5 cm left lower paratracheal mass, along with 
numerous subcentimeter lung nodules that were unchanged compared with previ-
ous imaging studies.

 Literature Review

Hemoptysis is commonly a distressing presenting symptom of neck and intratho-
racic diseases, both benign and malignant [1]. Among patients without a known 
diagnosis of malignancy who present with mild hemoptysis (defined as blood- tinged 
or streaked sputum, blood clots, or <20 mL of blood expectorated within 24 hours), 
most will have nonmalignant etiologies of hemoptysis including bronchitis, pneu-
monia, bronchiectasis, or heart failure [2]. Rarer causes of hemoptysis which also 
require consideration include pulmonary embolism, vascular malformations, vascu-
litic disorders, coagulopathies, and immunologic diseases, although many of these 
conditions are more likely to cause larger amounts of acute bleeding or life- 
threatening massive hemoptysis [1]. However, in the setting of a preexisting diagno-
sis of non-hematologic malignancy, fewer than 10% will be found to have a benign 
cause of hemoptysis [3]. About half will have primary lung carcinoma, whereas the 
other half will have metastases from non-thoracic primary malignancies. When an 
endobronchial lesion is identified by bronchoscopy, carcinomas of the breast, col-
orectum, kidney, and larynx and melanoma are the most common primaries, whereas 
thyroid carcinoma accounts for only a few percent of reported cases [2–4]. Upper 
airway causes of bleeding also need to be considered, including intraluminal inva-
sion of a malignancy of the head and neck (of which most will be differentiated 
thyroid carcinoma) and rarer complications of cancer therapy such as a tracheo-
esophageal fistula after radiation or antiangiogenic therapy.

Given this differential diagnosis, a patient with DTC who develops hemoptysis 
requires a diagnostic evaluation before planning treatment [1]. The amount of bleed-
ing should be assessed and the risk for hemodynamic compromise considered. 
Medications should be reviewed for use of anticoagulants, aspirin, nonsteroidal 
anti-inflammatories, and antiangiogenic drugs that increase bleeding risk. Given the 
amount of blood that can be lost either acutely or chronically, blood hematocrit and 
hemoglobin should be determined along with coagulation parameters. Computed 
tomography should be performed and compared with any available previous imag-
ing studies to identify new or changing lesions, as chest X-ray has a very low sensi-
tivity for identifying the etiology of hemoptysis. Combining chest CT with flexible 
bronchoscopy yields nearly 85% sensitivity to identify the source of hemorrhage 
[5]. Once a suspicious lesion is visualized by bronchoscopy, a biopsy can be 
obtained if it is necessary to determine the histology of the tumor; alternatively, 
transthoracic biopsy (either CT-guided needle biopsy or an excisional procedure) 
can also be performed if bronchoscopic biopsy is not feasible or unsuccessful. 
Bronchoscopic findings may also facilitate rapid prognostication. Among patients 
with solid tumors and hemoptysis, bronchoscopic detection of both active bleeding 
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and an endobronchial lesion portends a worse prognosis with a median survival of 
3.5 months, compared with 66 months for those with neither active bleeding nor 
endobronchial lesion visualized [3]; however, whether this analysis specifically 
applies to DTC is unknown.

Therapeutic options for hemoptysis from metastatic DTC include bronchoscopic 
modalities such as argon plasma coagulation (APC) or Nd-yttrium laser resection, 
surgery, radiotherapy, and occasionally systemic therapy. During bronchoscopic 
APC, brief jets of ionized argon gas are aimed at the targeted endobronchial lesion, 
creating sufficient heat to coagulate and destroy the tumor tissue [6]. APC causes 
immediate and durable cessation of bleeding and can significantly relieve symp-
toms due to obstruction from endobronchial lesions. Nd-yttrium laser therapy 
causes photocoagulation of tumor vessels, also provides rapid relief of symptoms, 
and facilitates precise cutting of endotracheal and endobronchial lesions. However, 
the Nd-yttrium laser is considerably more expensive than the equipment required 
for APC [7]. Neither APC nor laser resection is appropriate for patients whose 
bleeding lesions are primarily intramural or peribronchial, as the risks of luminal 
perforation are considerable and bronchoscopic visualization of the target lesion is 
obviously required.

Surgical metastasectomy can be considered in patients who are inappropriate for 
bronchoscopic therapy but who have good performance status, sufficient pulmonary 
function anticipated following partial lung resection, and at least 6 months expected 
survival assuming local control of the cause of the hemoptysis [8]. Operative resec-
tion is usually reserved for patients in whom a complete resection of the local dis-
ease can be anticipated, and the longest survival among solid tumor patients who 
undergo lung metastasectomy is associated with surgery for curative intent followed 
by at least a 3-year disease-free interval [8]. However, palliative metastasectomy 
has been reported to be of symptomatic value for many patients, including those 
with metastatic DTC. Even in the setting of residual metastatic disease following an 
initial surgical metastasectomy, the 5-year survival rate was more than 60%.

Stereotactic radiosurgery (SRS) and radiofrequency ablation may also be used to 
control intrathoracic lesions causing hemoptysis up to 4  cm in diameter [9]. By 
delivering a highly targeted intense dose of high energy radiation, SRS is capable of 
selectively destroying metastatic lesions that are thought to be causing hemoptysis. 
Synchronization of radiation delivery with the breath cycle is optimal to minimize 
radiation dose to surrounding uninvolved lung tissue, but this allows lesions to be 
safely treated in both the central and peripheral lung fields. Data regarding use for 
either of these modalities in DTC are lacking, however.

The systemic therapies available for use in symptomatic metastatic radioiodine- 
refractory DTC are primarily antiangiogenic, such as lenvatinib. Hemoptysis was 
observed in up to 9% of DTC patients treated with antiangiogenic kinase inhibitors 
in one recent report, particularly in those with poorly differentiated histologies or 
previous therapy with external beam radiotherapy [10]. Alternatively, selective 
kinase inhibitors that have not been implicated as increasing bleeding risk, such as 
RET, TRK, and BRAF inhibitors, may be of benefit for patients with intrathoracic 
metastases that demonstrate activating kinase mutations or rearrangements.
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Rarely, metastatic cancer can lead to massive hemoptysis sufficient to cause 
respiratory failure, hypotension, and death [5]. Rapid assessment to identify the 
laterality of the intrathoracic bleeding source is critical, permitting turning the 
patient so that the hemorrhagic side is placed in decubitus position. Intubation and 
possible use of endobronchial blockers may isolate the bleeding site and prevent 
flooding of neighboring lung tissue. Subsequently, thermoablative procedures, 
bronchial artery embolization, and/or surgery can be used as therapy to control and 
stop the hemorrhage [5].

 Management of the Case

Given the possibility that the patient’s hemoptysis could be arising from either her 
new lower paratracheal adenopathy or her enlarging left upper lobe nodule, flexible 
bronchoscopy was performed. The tracheal mucosa was intact, without evidence of 
tumor invasion or bleeding. However, fresh blood was seen within a branch off the 
left mainstem bronchus arising from the upper lobe, suggesting a more distal source 
of the bleeding compatible with the enlarging mass. A median sternotomy was per-
formed, allowing a wedge resection of the left upper lobe. In addition, metastatic 
adenopathy was identified encasing the recurrent laryngeal nerve but not invading 
the trachea, and this was successfully resected as well. Pathology confirmed meta-
static poorly differentiated thyroid carcinoma in the metastasectomy specimens. 
Four months later, her TSH-suppressed serum thyroglobulin level was 5 ng/mL, and 
at her last follow-up 3  years after metastasectomy, she remained clinically and 
radiographically stable.

Clinical Pearls
• Hemoptysis is an uncommon symptom of intrathoracic metastases from 

radioiodine-refractory DTC.
• Careful clinical assessment is required to rule out other contributing causes 

of hemoptysis.
• CT scanning and flexible bronchoscopy are optimally combined to localize 

the cause of hemoptysis secondary to metastatic disease and to identify 
appropriate therapeutic options.

• Bronchoscopic treatment with argon plasma coagulation or Nd-yttrium 
laser is appropriate when the bleeding lesion is visualized through 
bronchoscopy.

• Surgical metastasectomy may be considered for palliative therapy when 
bronchoscopic treatment is not feasible.

• Massive hemoptysis is a life-threatening emergency that necessitates rapid 
localization of the bleeding source and critical care measures to stop the 
hemorrhage.
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Chapter 31
A Patient with Follicular Thyroid Cancer 
and a Painful Bone Metastases at Risk 
for Pathologic Fracture

Virginia Liberini, Monica Finessi, and Désirée Deandreis

Abbreviations

ATA American Thyroid Association
BC Blood clearance
CR Complete response
CT Computed tomography
DTC Differentiated thyroid carcinoma
EANM European Association of Nuclear Medicine
EBRT External beam radiotherapy
ETA European Thyroid Association
FDG Fluorodeoxyglucose
GR Gustave Roussy
HIFU High-intensity focused ultrasound
MR Magnetic resonance
NIS Sodium-iodide symporter
OS Overall survival
PET Positron emission tomography
PFS Progression-free survival
RAI Radioactive iodine
RFA Radiofrequency ablation
SEER-9 Surveillance, Epidemiology, and End Results-9
SNMMI Society of Nuclear Medicine and Molecular Imaging
SPECT Single-photon emission computed tomography
SRE Skeletal-related event
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SUV Standardized uptake value
Tg Thyroglobulin
TKi Tyrosine kinase inhibitor
VRE Vertebral-related events
WB Whole body

 Case Presentation

A 56-year-old man was referred to the Gustave Roussy (GR) Institute (courtesy of 
Dr. Livia Lamartina) for management of bone metastases from follicular thyroid 
cancer, which had been diagnosed before the primary thyroid tumor. Because of 
thoracic pain, a computed tomography (CT) scan had been performed and revealed 
a 4 cm lytic lesion of the third left rib. The CT scan showed also a 6 cm left thyroid 
mass and small lung nodules that were less than 1 cm in diameter. A biopsy of the 
rib lesion showed a metastasis from a well-differentiated follicular thyroid cancer. 
A 18F-fluorodeoxyglucose positron emission tomography (18F-FDG PET)/CT scan 
showed uptake in the thyroid tumor [maximum standardized uptake value (SUVmax) 
of 6] and in the rib lesion (SUVmax 3.4) and no significant uptake in multiple lung 
lesions (SUVmax 1.1) (Fig. 31.1).

Furthermore, a lytic lesion of the right ischium was visible on the CT scan cou-
pled with PET, without 18F-FDG uptake. Blood tests showed thyroglobulin (Tg) 
level at 7979 ng/ml with no detectable anti-Tg antibodies.

A total thyroidectomy and central neck dissection were performed. Final histol-
ogy showed a polymorphic thyroid cancer measuring 10 cm with poorly differenti-
ated areas, 6 mitoses Å ~ 2 mm 2, Ki 67 15%, and several foci of necrosis. Due to 
massive extrathyroidal extension, the tumor was classified as pT4. No metastatic 
lymph nodes were found (N0). Two months after surgery, the patient received 
100 mCi (3.7 GBq) of radioactive iodine (131I) after thyroid hormone withdrawal for 
4 weeks. Thyroglobulin level was 3726 ng/ml with a TSH level of 35 mIU/l.

Post-therapy whole-body (WB) scan showed high 131I uptake in the thyroid rem-
nants and diffuse uptake not only in the lung and in the rib lesion but also in T8 and 
right iliac bone lesions. Furthermore, 131I single-photon emission computed tomog-
raphy (SPECT)/CT scan detected three other bone lesions in the spine (C4 and L1) 
and in the pelvis (left iliac bone), respectively, not visible on WB scan (Fig. 31.2a, 
b). On the CT component, the rib and the ischial lesions both appeared as lytic 
lesions of 4 cm and 2.3 cm, respectively; in particular, the ischial lesion showed 
cortical lysis with risk of fracture (Fig. 31.2c–e). On the other hand, there was no 
evidence of bone lesions in the other bone segments evaluated at the 131I scan, as in 
T8. Cryoablation for the rib lesion and cryoablation plus cementoplasty for the 
ischial lesion were performed. During local treatment, a biopsy of the ischial lesion 
was performed and was consistent with well-differentiated thyroid cancer.
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 Assessment and Literature Review

Data from the Surveillance, Epidemiology, and End Results-9 (SEER-9) cancer reg-
istry program of the USA showed that the overall incidence of thyroid cancer from 
1974 to 2013 increased 3% annually [1], representing approximately 2% of all 
tumors. Mostly of new diagnosed thyroid cancers are represented by indolent 
tumors, while metastatic disease represents only 4% of differentiated thyroid carci-
noma patients (DTC) [1]. Distant metastases represent one of the most important 
prognostic factors together with patient age, histological subtype, radioactive iodine 
(131I), and 18F-FDG avidity and the leading cause of cancer-related death in DTC 
patients [2]. In fact, 5-year survival greatly varies on the basis of stage at diagnosis, 

Fig. 31.1 18F-FDG PET/CT scan performed at initial staging. (a) 18F-FDG PET/CT whole-body 
maximum intensity projection (MIP) showing uptake in 6 cm left lobe thyroid cancer (SUVmax: 
6) and in the third left rib (SUVmax: 3.4) corresponding to a 4 cm lytic lesion. There was no sig-
nificant 18F-FDG uptake in multiple lung nodules of few millimeters’ diameter. (b) Axial fusion 
image showing high 18F-FDG uptake in the third left rib lesion. (c) Axial fusion image showing no 
significant 18F-FDG uptake in the right ischial lesion
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with rates ranging from 99.9% in case of localized thyroid cancer to 56.2% in case 
of distant metastases at diagnosis [3].

In this contest, bone metastases are the second most common sites of metastasis 
in thyroid cancer, after lung, and occur in less than 2–13% of patients according to 
different series. They are often a cause of morbidity for local pain, fracture risk, and 
neurological complications [4, 5].

In particular follicular histotype shows an increased incidence of bone metasta-
ses (7–28%), compared to the classic papillary thyroid cancer (1–7%), spreading 
hematogenously to distant sites more frequently than through lymphatic system [6].

In a recent study evaluating the prevalence of bone metastases in a cohort of 
30.063 patients with thyroid cancer, Choksi et al. [7] identified bone events in 2457 

Fig. 31.2 131I post-therapy whole-body (WB) scan after administration of 100 mCi (3.7 GBq) after 
thyroid hormone withdrawal for 4 weeks. (a, b) Anterior and posterior view showing high 131I 
uptake in the third left rib lesion, in the right ischial lesion, and in the spine T8 and a diffuse uptake 
in the lung. (c) Axial fusion image (SPECT/CT) showing high 131I uptake in the third left rib. (d) 
Axial fusion image (SPECT/CT) showing high 131I uptake in the right ischium. (e) Axial image of 
CT component of SPECT/CT showing a 23 mm lytic lesion in the right ischium
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patients (8.2%), of which 1173 (3.9%) developed bone metastasis; the occurrence 
of bone metastasis was 16.4%, 15.0%, 13.4%, 11.0%, and 6.9% for medullary, fol-
licular, anaplastic, Hurthle cell and papillary thyroid cancer, respectively. Among 
patient with bone metastases, 372 patients (32%) developed a skeletal-related event 
(SRE), including pathological fracture (268 of 372, 23%) or a spinal cord compres-
sion due to the involvement of axial skeleton (the most frequent site of bone metas-
tasis are the spine, the pelvis, and the ribs [8]).

Bone metastasis can occur as a first manifestation of unknown thyroid cancers or 
as incidental imaging findings after the first 131I treatment or as a relapse of disease 
during follow-up; in all those three cases, the presence of multiple bone lesions and 
the occurrence of SRE is related to a poor quality of life and worse prognosis [9].

The median reported overall survival in case of bone metastases is 2–4 years 
after their diagnosis, but may range from 96% at 10  years in young patients 
(<45 years) without radiological abnormalities to less than 10% in older patients 
(>40 years) with multiple and macroscopic bone lesions associated with radiologi-
cal abnormalities and frequently associated with macronodular lung metastases [4, 
10–12]. In presence of 131I avid metastases, 131I is normally used as first-line treat-
ment [3, 13].

Although 131I may eradicate small metastases, it is poorly effective at treating 
large metastases, and, moreover, 60–70% of metastatic disease become refractory to 
radioactive iodine, with a significant negative impact on prognosis and a mean life 
expectancy of 3–5 years [14]. In patients with radioactive iodine refractory thyroid 
cancer, systemic treatments such as tyrosine-kinase inhibitors (TKi) are less effec-
tive in bone lesions compared to visceral metastases [13, 15–17]. In such cases, 
local treatment modalities such as external beam radiotherapy (EBRT), stereotactic 
EBRT, surgery, percutaneous interventional techniques (such as trans-arterial embo-
lization, trans-arterial chemoembolization, radiofrequency, cryoablation), and con-
solidative techniques such as cementoplasty are becoming more and more important 
in the management of these patients. An appropriate multidisciplinary therapy 
approach, personalized to each patient, can prolong the patient survival [18, 19].

Literature data on the management of bone metastases from thyroid cancer are 
mainly focused on surgery or radiotherapy [20–23], but minimally invasive thermal 
ablation techniques are frequently used in patients with bone metastases for pain 
control, local tumor control, and lesion stabilization in case of risk of fractures [24–
27]. During the time, additional studies have been carried out to determine the role 
of thermal ablation in patients with bone metastases from thyroid cancer [28–30].

 Characteristics of Bone Lesions from Differentiated 
Thyroid Cancer

Bone lesions from thyroid cancer are often lytic and can be associated with exten-
sion into surrounding soft tissues [31]. The spine is the most frequent site, and spi-
nal metastases can be the first manifestation of follicular thyroid cancer [31, 32]. 
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The major risks are the cortical rupture and local complications, such as medullary 
compression or fracture [32]. Bone metastases are often vascular, and this pattern 
makes them accessible to embolization. In patients with bone metastases, one of the 
most important prognostic factors is the extent of the disease, considering the size 
and the number of lesions [4, 10].

Whole-body functional imaging can give important information on the patient’s 
stage and prognosis and, recently, the “Martinique principles” – a joint statement by 
EANM, ATA, ETA, and SNMMI [33, 34] – defined the importance of use of high- 
resolution imaging. In fact, to evaluate the sodium-iodide symporter (NIS), expres-
sion on differentiated thyroid cancer cells is possible to use different iodine isotopes 
(123I, 124I, and 131I) and acquisition modalities (planar vs. single-photon emission 
computed tomography [SPECT] vs. SPECT/CT vs. PET/CT) with varying sensitiv-
ity and specificity [34–37]. Furthermore, whole-body 131I post-therapy scan can 
show radioactive iodine uptake in small lesions that are not visualized on cross- 
sectional imaging.

In particular, SPECT/CT provides much more functional and anatomic detail 
than planar imaging and it is mandatory to stage metastatic patient. Both 131I post- 
therapy images and 18F-FDG PET/CT are recommended to stage metastatic patients 
at the time of diagnosis, as they will provide important information for both prog-
nosis and therapy. High 18F-FDG uptake in distant metastases is a negative prognos-
tic and predictive factor for response to radioactive iodine [8, 38–40]. Nevertheless, 
bone lesions even deriving from well-differentiated tumors are frequently 18F-FDG 
avid due to their vascularity and concomitant inflammatory bone reaction, but this 
does not exclude 131I avidity.

In addition to 131I scan and 18F-FDG/PET CT, magnetic resonance (MR) imaging 
is useful to evaluate the presence of local complications and medullary compres-
sion, which can help to plan radiotherapy.

Another important aspect in the evaluation of thyroid cancer is the role of molec-
ular pathogenesis, and in particular BRAF, RAS, TERT, TP53, PIK3CA, and AKT1 
mutations are related to worst prognosis [19, 41]; in a recent study, Malik et al. have 
demonstrated how TERT mutations, coexisting with RAS mutations, are related to 
the presence of bone metastasis in DTC, independently by the primary tumor size, 
and, moreover, this molecular mutations can predict a favorable response to radio-
iodine therapy [42].

 Treating Bone Metastases with Radioactive Iodine

Radioactive iodine (RAI) administration is recommended to explore 131I avidity of 
distant metastases, to stage the disease, and to treat 131I-avid distant metastases [13]. 
In patients with RAI-avid metastatic disease, the best way to manage 131I treatment 
to improve disease response and patient outcome is still a matter of debate. In par-
ticular, a great debate on the best approach between empiric and dosimetry- 
determined activities is still ongoing, after more than 60 years of RAI use for thyroid 
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cancer. American Thyroid Association guidelines [3] stated that RAI activity to be 
administered can be chosen empirically or determined by dosimetry, both in case of 
lung metastases and bone metastases, and do not recommend an approach over the 
other. Usually high and repeated activities of at least 3.7–7.4 GBq of 131I for lung 
and bone disease, respectively, are recommended.

Two-thirds of patients with distant metastases show radioactive iodine uptake, 
but complete response is achieved in around 40% of these cases with initial RAI 
therapy, especially in case of young patients with 131I-avid micrometastases without 
correlates on cross-sectional imaging [4]. The prognostic value of radioactive iodine 
uptake in patients with bone metastases has been reported [21]. Young patients with 
small or single bone lesions or with bone 131I uptake but with no lesion visualized on 
CT can be treated by repeated 131I administrations [10, 43]. On the other hand, 131I 
is not sufficient for large or multiple bone lesions and local treatment may be 
warranted.

According to different approaches for RAI treatment in metastatic disease, tumor 
response rates are very heterogeneous [44] and varies among the studies; the differ-
ent studies are not comparable and a superiority of a specific method to the others 
cannot be defined. In the last years, two retrospective studies compared the impact 
on overall survival (OS) and progression-free survival (PFS) of dosimetric and 
empiric approach. In a retrospective analysis conducted on patients with locore-
gionally advanced DTC or metastatic DTC treated with either dosimetric approach 
(n = 43) or empiric approach (n = 44), Klubo-Gwiezdzinska et al. [45] demonstrated 
higher efficacy of maximum tolerated activity based on the dosimetric approach 
compared to the empiric approach in patient with locally advanced DTC with a 
similar safety profile. In particular, patients treated by dosimetric approach tended 
to 70% less likely to progress (odds ratio, 0.29; 95% confidence interval, 0.087–1.02; 
p = 0.052) and more likely to obtain complete response (CR) (odds ratio, 8.2; 95% 
confidence interval, 1.2–53.5; p = 0.029) with only a trend of association with lon-
ger PFS for dosimetry-based approach. On the other hand, there was not statistical 
differences in response rate and PFS in the subgroup of patients with distant metas-
tases (p = 0.422). In 2017, Deandreis et al. [46] in a retrospective study found no 
differences in OS in patient with metastatic DTC treated with whole-body/-blood 
clearance (WB/BC) dosimetric approach compared to empiric approach based on 
the administration of fixed activities of 3.7 GBq. Patients treated according to dosi-
metric approach received a significantly higher median cumulative activity com-
pared to patient treated with empiric approach (24.2 GBq vs 14.8 GBq, p < 0.0001). 
In particular, no statistical differences in OS, both at 5 and 10 years, were found 
stratifying patients for age and metastases extension (p = no significant) with the 
worst prognosis for older patients (>40 years), multiple bone and lung lesions. For 
dosimetric studies, it is possible to evaluated the absorbed dose to each lesion, and 
both isotopes 131I or 124I can be used to quantify the 131I avidity of remnant disease 
and distant metastases; for this purpose, the use of 124I PET/CT results extremely 
helpful, and in fact both the PET images and the longer half-life (T1/2) of 124I permit 
quantification with better results compared to 131I SPECT/CT scan [47, 48]. 
Concerning specifically bone metastases, Jentzen et al. have shown low efficacy of 
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131I treatment on bone metastasis even using a dosimetry-guided approach [49]. 
Moreover, the study showed also that a higher absorbed dose compared to soft tis-
sue metastasis is needed to achieve an objective response with a great variation of 
response for each single bone metastasis depending by the heterogeneity uptake at 
124I PET/CT in the pre-therapy setting.

There are not available data at this moment of the impact of lesion dosimetry on 
metastatic patients’ outcome. Once again, literature suggests the importance of the 
assessment of tumor heterogeneity with RAI imaging to predict 131I refractory dis-
ease [44]. Unfortunately, the potential utility achieved by personalized dosimetry is 
not yet standardized, and future prospective studies are requested to integrate 
dosimetry into routine clinical care [34, 37, 44, 50, 51]. Moreover, in patients with 
distant metastases, 18F-FDG PET/CT has to be correlated with 131I treatment to com-
plete the pre-therapy setting, especially at initial staging, to evaluate 18F-FDG uptake 
in distant lesions and to predict response to therapy. Patients with 18F-FDG-avid and 
no 131I-avid distant metastases (“flip flop” phenomenon) have rapidly progressive 
disease. In contrast, patients with 131I-avid and 18F-FDG negative lesions have a 
much better prognosis. Patients with both 18F-FDG and 131I uptake in the same 
lesions or 18F-FDG and 131I uptake in different lesions represent a very heteroge-
neous group, but their prognosis seems similar to the group with only 18F-FDG 
uptake [37]. These different scenarios help identify patients or single lesion that 
could be refractory to 131I [34] and that can benefit from both local and systemic 
therapies. Moreover, 18F-FDG PET/CT scan can also be used for the evaluation of 
the metabolic response by PERCIST, which could be more accurate than RECIST 
1.1 and MDA criteria to assess the bone metastasis response to therapy [52, 53].

Finally, some studies are suggesting that a pretreatment with tyrosine-kinase 
inhibitor in 131I-refractory thyroid cancer can restore iodine trapping in these tumors 
(“redifferentiation” agents), restoring radio-iodine avidity and, therefore, the effi-
cacy of a radio-iodine therapy [14, 54, 55]. This approach could improve tumor 
response in selected patients.

 Indications and Options of Local Treatment

In case of symptomatic lesions, fracture, local compression, or spinal neurological 
damage, surgery is the first therapeutic choice [22, 56]. If complete and curative 
surgery can be achieved, this may improve patient survival, especially in young 
patients [21–23].

External beam radiation therapy (EBRT) has been used for recurrent lymph node 
metastases, after surgery, and in bone metastases for pain palliation, in association 
with surgery [57, 58].

Some cases of vascular embolization by polyvinyl alcohol particles have also 
been reported with effective and immediate pain relief after treatment [59]. Vascular 
embolization is routinely performed before surgery to limit bleeding.
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In cases of limited bone lesions without soft tissue involvement but symptomatic 
or at risk of fracture, local thermal ablation by radiofrequency ablation (RFA) or 
cryotherapy is currently used more and more frequently. These techniques are pre-
ferred to other local treatment modalities because they are well tolerated, they are 
minimally invasive, and they can be repeated in the same patient together with 
cementoplasty for lesion stabilization [27]. All local treatments can be used in asso-
ciation with systemic treatments, such as radioactive iodine, if the lesions are 131I 
avid or TKIs in the case of radioactive iodine refractory cancer.

 Principles and Definition of External Beam Radiation Therapy

External beam radiotherapy (EBRT) is based on the use of three types of particles 
(photons, protons, and electrons), which aim radiation in the lesions. Conventional 
EBRT is used to reduce pain and to avoid pathological fracture or spinal cord com-
pression from bone metastasis [60], but it seems also that conventional EBRT is 
related to higher rates of relapse [61] and short-term reversible toxicity such as 
fatigue, mucositis, or bowel irritation [60].

On the other hand stereotactic radiotherapy is becoming a very promising tech-
nique in spinal lesions as a selective and curative treatment of bone metastases [20, 
62], but also for brain metastases and very small lung metastasis, without the risk of 
radiation fibrosis and respiratory dysfunction [63].

A recent study of Ito et al. [64] showed how stereotactic radiotherapy for spine 
metastases leads to 1-year control in more than 80% of bone metastases, even for 
radioresistant tumors such as thyroid cancer. A recent study of Ishigaki et al. [65], 
focused on thyroid cancer, showed how stereotactic radiotherapy of locoregional 
recurrence reduce recurrence of DTC with 3-year local control rate of 84.6%. 
Another study of Ishigaki et al. [66] showed the efficacy of stereotactic radiotherapy 
using the Cyber Knife on 60 bone metastases from DTC in 13 patients, with 1-year 
local control rate of 97.1% and limited adverse events as the radiation to the spi-
nal cord.

Finally, in a phase I-II trials [67] evaluating the use of stereotactic radiotherapy 
on spine metastases from DCT, the 2-year local control rate was of 88% and the 
3-year local control rate was of 79%, without grade 3–5 toxicity following.

 Principles and Definition of Thermal Ablation

The principle of thermal ablation action is coagulative tissue necrosis by heating a 
tumor with high temperature (radiofrequency ablation) or freezing it with pressur-
ized gas (cryoablation) [68, 69]. The main effects are intracellular, vascular, and 
interstitial damage causing cell apoptosis. Radiofrequency ablation and 
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cryoablation are currently the most frequently used percutaneous minimally inva-
sive techniques, but other options such as high-intensity focused ultrasound 
(HIFU), irreversible electroporation, or laser ablation are evolving [70]. The selec-
tive action is achieved by inserting needles (RFA) or cryoprobes (cryoablation) 
under imaging guidance during the procedure. After thermal ablation of soft tissue 
lesions, progressive lesion shrinkage can be monitored with imaging (CT or MR) 
with a fibrotic scar as final result. In some patients, 18F-FDG PET/CT can be more 
sensitive in the detection of persistent disease or disease relapse earlier than ana-
tomical imaging [71]. In contrast, the response to thermal ablation in bone lesions 
is more difficult to evaluate because frequently there are no changes in size or 
volume of treated lesions on cross-sectional imaging. In patients with bone lesions 
at risk for fracture due to metastases in the spine or in femoral region, percutane-
ous cementoplasty with cement injection can be used together with thermal abla-
tion to stabilize the bone and for an analgesic effect [72]. Moreover, screws can be 
also inserted percutaneously in lesions with high risk of fracture to consolidate 
the bone.

Finally, surgical treatment can be performed on a metastasis lesion after that the 
radiofrequency ablation had reduced the volume of the lesion [73].

 Thermal Ablation for Treatment of Bone Metastases

Thermal ablation has been used for several years for treating benign bone tumors 
and for palliation of bone metastases. The first cases examining the feasibility of 
percutaneous ablation and cementoplasty efficacy in treating bone metastases were 
reported in 1995–2000 [74–76], showing a good safety and efficacy in reducing 
pain and in stabilizing lesion preventing skeletal events in bone metastases [24, 26, 
27]. In particular, Deschamps et al. evaluated the rate of complete response to ther-
mal ablation in 89 patients with 122 bone metastases from solid tumor. The 1-year 
complete treatment rate was 67%. Oligometastatic status, metachronous metasta-
ses, and small lesions without cortical bone erosion or surrounding neurological 
structures were all predictive factors on multivariate analysis [27]. In a brief report 
including three patients with bone metastases from differentiated thyroid cancer 
treated by RFA in association with radioactive iodine, two of three patients with 
lesions of 30 and 50 mm were free of disease in 44 and 53 months, respectively, 
after ablation [28]. In eight patients with symptomatic spinal metastases from thy-
roid cancer, treatment included a surgical approach in the case of spinal compres-
sion or percutaneous vertebroplasty associated with systemic treatment (radioactive 
iodine or chemotherapy). The authors confirmed that local treatment can improve 
patients’ quality of life by reducing pain and prolonging time to skeletal events, 
especially spinal cord compression, and can delay initiation of systemic treatment. 
Finally, local treatment can improve patient survival, with a median survival reported 
in this paper of 50 months after treatment [30]. Lesion size is another important 
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predictive value of response: in a recent study, specific on thyroid cancer, Deschamps 
et al. [77] showed how 1-year control rate are, respectively, of 85% for spinal metas-
tases under 2 cm, 81% between 2 and 3 cm, and 40% for lesion over 3 cm.

Generally, in all studies, thermal ablation showed good local control with 
improvement of patient quality of life after the procedure. In addition to be a pallia-
tive treatment for symptomatic lesions, percutaneous ablation may also be curative 
in patients with localized lesions, with a favorable impact on patient survival. An 
important recent review including only thyroid cancer, Cazzato et al. [78] found, for 
bone metastases treated with thermal ablation, an overall survival of 71.6%, 66.8%, 
and 60.1% at 1, 2, and 3 years, respectively.

Finally, Barata et al. [79] demonstrated how thermal ablation therapy prevents 
the risk of vertebral-related events (VRE) in patient with DTC, with a hazard ratio 
of 0.135; this result highlight also the importance of postoperative imaging to iden-
tify residual disease after thermal ablation, which must be performed not before 
than 6 weeks after the therapy to avoid false-positive results correlated with inflam-
matory process. These and other results show that 18F-FDG PET/CT scan can be a 
useful tool for treatment follow-up also in bone lesions [71]. The American Thyroid 
Association guidelines [3] indicate to use thermal ablation therapy for symptomatic 
metastases disease or, in case of complication risk, in association with systemic 
treatment or after systemic treatment for residual metastases.

 Thermal Ablation on Metastatic Sites Other Than Bone

Thermal ablation can also be performed for liver and lung metastases. Clinical trials 
show high efficacy of RFA on liver lesions from solid tumors, with local control 
equivalent to surgical resection ranging from 40% to 80%, and a prolonged overall 
survival in treated patients [80, 81]. In neuroendocrine tumors, treatment of liver 
lesions by thermal ablation is now considered an alternative to surgery, especially 
when there is a small number of lesions with diameter < to 3 cm [82]. A few cases 
of liver metastases from thyroid cancer treated by thermal ablation have been 
reported and no more data are recently available. In three patients with liver metas-
tases from thyroid cancer (two medullary thyroid cancer and one follicular thyroid 
cancer) treated by RFA, thermal ablation reduced local symptoms due to hepatic 
capsular compression [83].

In a clinical trial focused on lung lesions, RFA was both effective and well toler-
ated, with a high complete tumor control rate (93%) at 18 months in 100 analyzed 
lung lesions, including primary lung tumors and distant metastases from solid 
tumors [84]. Another multicenter prospective trial including 183 lung metastases 
showed again a high complete response rate (88%) at 1 year and an overall survival 
of 92% and 64% at 1 year and at 2 years, respectively [85]. In all clinical trials, 
lesion size and lesion location are reported as the most important predictive factors 
of response.
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In particular, recurrence occurs more frequently in lesions >3 cm with soft tissue 
or mediastinal invasion and if the lesion is in contact with large vessels [84]. 18F- 
FDG PET/CT is a useful tool to evaluate response to treatment and to detect early 
relapse of disease when the lesions have 18F-FDG uptake on a baseline 18F-FDG 
PET/CT [71].

 Denosumab and Bisphosphonates

To treat bone lesions, some systemic specific bone agents such as bisphosphonates 
and more recently the anti-RANK agent denosumab have demonstrated efficacy in 
reducing skeletal events in patients with bone metastases from prostate or breast 
cancer [86–88]. A beneficial effect of these agents has also been reported in patients 
with lytic lesions from other solid tumors such as lung, renal cell, or myeloma due 
to inhibition of osteoclast action. In particular, a beneficial effect of zoledronic acid 
treatment in terms of fewer and delayed skeletal events has been reported in some 
patients with bone lesions from thyroid cancer, leading to consideration of this drug 
as a valid therapeutic option [89–92].

On the other hand, no data are available on denosumab’s efficacy on bone lesions 
from thyroid cancer, although it is a promising and potentially more effective ther-
apy than zoledronic acid in other tumors [93]. They both may be useful in the case 
of disseminated and progressive bone metastases.

In a recent study including 50 DTC patients, Andrade et al. [94] demonstrated 
how zoledronic acid reduces the incidence of SRE and possibly affects overall sur-
vival in DTC patient with bone metastasis.

Bisphosphonates and denosumab are administered monthly by intravenous or 
subcutaneous injection, respectively, with careful follow-up to monitor for jaw 
osteonecrosis, hypocalcemia, and renal failure that are the most common side 
effects. To avoid hypocalcemia, calcium and vitamin D therapy is recommended.

Bisphosphonates and denosumab are not curative therapies, but they can be used 
in association with local treatment for symptomatic lesions or lesions at risk or with 
other systemic treatments such as TKi agents.

 Management of the Case

This case shows that multidisciplinary treatment is frequently needed to treat bone 
lesions from thyroid cancer and that bone lesions remain the most challenging site 
to treat. Efficacy of 131I in multiple and macrometastases is limited and local disease 
control is particularly important [29]. Therapeutic choices may have an impact on 
patient quality of life and survival [10].
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 Radioactive Iodine Treatment

This patient presented with multiple radioiodine-avid bone lesions that were not 
seen on CT scan. In this situation, a favorable 131I response could be expected [43, 
95, 96]. Only the rib and the ischial lesions needed local treatment for their size, the 
pain management (for the rib lesion), and the fracture risk (ischial lesion). The use 
of local treatment was necessary to obtain a potential complete resolution of the 
lesions and to prevent skeletal events. Radioactive iodine alone would not have been 
efficient to treat these two larger lesions [46]. On the other hand, the patient also had 
lung micrometastases with significant 131I uptake. Miliary lung disease such as this 
typically has a good response to 131I treatment [4, 97]. For these reasons, the patient 
received a second dose of radioactive iodine [100  mCi (3.7  GBq) after THW] 
4 months after cryoablation and 6 months after the first radioactive iodine treatment.

Serum thyroglobulin level decreased to 722 ng/ml with TSH level of 78 mIU/l 
and negative anti-Tg antibodies. The second 131I post-therapy scan showed a reduc-
tion in lung uptake with a reduction in size of lung lesions on the CT component of 
SPECT/CT and the disappearance of 131I uptake in C4, T8, and right and left iliac 
bone lesions, confirming the efficacy of radioactive iodine in treating small lesions 
without morphological radiologic changes [43]. The administration of higher activi-
ties than 3.7 GBq could be discussed to achieve a better response in the lesions with 
higher volume.

The post-therapy scan showed also the disappearance of rib uptake and an impor-
tant reduction of ischium uptake, confirming the efficacy of local treatment of these 
lesions. Unfortunately, on the post-therapy scan, an increased uptake was reported 
in T10 and L1 with millimeter-sized lytic lesions on the CT component of the 
SPECT/CT. There were also two new areas of uptake in the sacrum and in the left 
femur without structural evidence on the CT component. Progression of disease in 
the bones, with appearance of new lesions, was confirmed on a third post-therapy 
scan after administration of 100 mCi (3.7 GBq) 6 months later, while the uptake in 
the lungs completely disappeared. The disease in the bones was then defined as 
refractory to radioactive iodine therapy due to the progression despite 131I adminis-
tration [13].

In our patient, 18F-FDG PET/CT was performed at initial presentation and 18F- 
FDG uptake was very heterogeneous. The lung metastases did not show significant 
18F-FDG uptake, and several bone lesions did not show any 18F-FDG uptake and 
were detected only on 131I WB scan. All these lesions showed a good response to 
131I. Only the rib lesion, the most aggressive and largest lesion, showed significant 
18F-FDG uptake. The patient was reevaluated by 18F-FDG PET scan after the third 
131I treatment. No 18F-FDG uptake was detected in the lung or in the lesions treated 
by cryoablation. This case showed that 18F-FDG PET can be used to follow up bone 
lesions treated by thermal ablation as previously reported in liver and in lung lesions, 
but further studies are necessary to evaluate the impact of 18F-FDG uptake in this 
field [71]. The other new bone 131I refractory lesions showed moderate 18F-FDG 
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uptake, probably due to their small size. It was decided to evaluate disease progres-
sion with serial PET scans every 6  months, to monitor for disease progression, 
which might be an indication for additional local therapy or systemic treatment.

 Cryoablation and Cementoplasty

This patient was a good candidate for local treatment in association with radioactive 
iodine. Patients who are candidates for thermal ablation are defined as follows: “(a) 
patients with limited painful metastatic disease who have failed conventional thera-
pies or have refused conventional therapy; (b) patients at risk for further morbidity, 
with progression of a metastatic tumor that may be at risk for fracture or invasion of 
adjacent critical structures; and (c) patients with limited metastatic disease who are 
not surgical candidates” [70].

Our patient had limited metastatic disease without neurological compression, 
with at least two macrometastases (>1  cm) not treatable by 131I alone: a painful 
lesion in the rib and a cortical lytic lesion with fracture risk in the ischium. Surgery 
was not indicated because of the absence of local compression. Lesion size and 
location were favorable for needle access and for good efficacy of thermal abla-
tion [27].

The goal was reducing the local pain and the fracture risk, but also to obtain a 
local control of these lesions. Cryoablation was chosen over RFA and was per-
formed under conscious sedation using special probes (IceRod, Galil Medical, 
Yokneam, Israel) inserted into the tumor under imaging (CT) guidance. The passage 
of pressurized gas (argon) through the probes rapidly freezes the lesion with no 
damage to surrounding tissues. The effect of ablation by “cold temperature” is the 
formation of the so-called iceball that can be seen and followed up by imaging dur-
ing the procedure.

Cryotherapy is frequently preferred to RFA because it is less painful during and 
after the procedure, due to a more selective action on the target lesion and also 
because the “iceball” can be seen by unenhanced CT during the procedure to moni-
tor the completeness of treatment of the target lesion [27].

Cementoplasty was performed after thermal ablation to consolidate the bone 
lytic lesion. The cement injection is normally performed in the same manner used 
to insert the cryoprobe in the bone lesion. Also, the cement is a dense material that 
can be easily visualized at imaging (Fig. 31.3). During the procedure, potential 
collateral effects such as pain or neurological symptoms are evaluated by the 
operator.

The risk of collateral effects is higher in case of lesions in the spine, and in this 
case the size of lesion is an important criterion to predict local tumor control [77].
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Clinical Pearls/Pitfalls
• In case of bone lesion from DTC, a multidisciplinary approach is neces-

sary. A good response can be achieved with RAI in low-volume bone 
lesions without correlate on morphological imaging and 131I avid.

• High-volume lesions should be selected for local treatment. The goal of 
local treatments is to reduce pain, to possibly cure the lesion, and to avoid 
local complications such as pathological fracture or medullary 
compression.

• Local treatments can also prolong patient survival and delay systemic 
treatment such as TKi.

Fig. 31.3 Interventional radiology images during cementoplasty procedure in the right ischium 
lesion. (a) Fluoroscopy image showing cement injection in the right ischium lesion. (b) Axial CT 
image showing cement in the right ischium lesion
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Chapter 32
Differentiated Thyroid Cancer and Brain 
Metastases

Steven I. Sherman

 Case Presentation

A 70-year-old woman presented to her primary care physician with acute onset of 
persistent dizziness, without headache or motor difficulties. Her past history was 
notable for papillary thyroid carcinoma, diagnosed 49  years previously that had 
initially been treated with thyroidectomy. No adjuvant therapy had been adminis-
tered, and she had been followed by primary care physicians without specific moni-
toring for her thyroid carcinoma. Her past history was also notable for type II 
diabetes mellitus, hypertension, and obesity. On presentation, cerebrovascular dis-
ease was initially suspected as the cause of her dizziness. A computed tomography 
(CT) angiogram demonstrated no evidence of vascular disease or stroke, but mag-
netic resonance imaging (MRI) instead showed a 2.7 × 2.5 × 2.6 cm multilobulated 
cystic mass in the right frontal lobe involving the cingulate gyrus, without surround-
ing edema (Fig. 32.1). Dexamethasone, 8 mg twice daily, and levetiracetam, 500 mg 
twice daily, were given to prevent seizures. The clinical impression was a low-grade 
glioma versus metastatic tumor, and she underwent right frontotemporal craniot-
omy with gross total excision of the tumor. Surgical pathology demonstrated meta-
static papillary thyroid carcinoma, with immunohistochemical staining intensely 
positive for both thyroglobulin and TTF-1. Two weeks after surgery, she presented 
with acute shortness of breath, leading to CT scan of the chest that showed bilateral 
pulmonary emboli with signs of right heart strain. She began systemic anticoagula-
tion and was transferred to a tertiary referral center. Steroids and anti-seizure medi-
cations were successfully weaned. A follow-up MRI showed enhancement along 
the inferior resection cavity and possibly involving the right optic nerve, suggesting 
residual tumor. Whole body tomographic imaging showed no evidence of other sites 
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of metastatic disease. Intensity modulated radiotherapy, 30 Gy in 10 fractions, was 
administered to the resection cavity. Although serum thyroglobulin had always been 
undetectable, her levels of anti-thyroglobulin antibodies quickly fell to nearly unde-
tectable as well. She experienced an uncomplicated full recovery from these events, 
and 2 years after treatment, she had no gross evidence remaining of metastatic tumor.

 Literature Review

Brain metastases from differentiated thyroid carcinoma are uncommon, reported in 
up to 2% of all patients [1–5]. They are typically identified in older patients, with 
the median age of detection of brain metastases in these recent reports about 
60 years, and the median time interval between initial cancer diagnosis and brain 
metastasis ranges from 4 to 10 years. Although most cases have been reported aris-
ing from papillary carcinomas, there may be a particular predisposition for the oxy-
philic or Hürthle cell variant [1]. Usually, patients have had evidence of distant 
metastatic disease detected previously, though some patients may present with 
symptomatic brain metastasis at their initial diagnosis. A majority of patients are 
initially identified with oligometastatic brain disease, with three or fewer lesions 
detected by imaging [1, 3–5]. Historically, imaging to detect these lesions was trig-
gered by symptoms; however, with the introduction of systemic therapy options for 
patients with distant metastases and more sensitive imaging modalities for compre-
hensive disease staging, up to half of patients may now be identified with brain 
metastases at an earlier, presymptomatic phase [3–5].

Fig. 32.1 Magnetic resonance imaging, axial T2 imaging (a) and sagittal T1 imaging (b) of 
patient with metastatic differentiated thyroid carcinoma to the right frontal lobe. Tumor was suc-
cessfully resected followed by adjuvant stereotactic radiosurgery, rendering her disease-free
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Compared with most patients with differentiated thyroid carcinoma, the progno-
sis of patients with brain metastases is poor. Median overall survival after the diag-
nosis of brain metastases has been reported as between 6 and 21 months [2–5], with 
almost all patients dying of complications of metastatic disease and/or treatment. 
Prognostic factors for prolonged survival may include age under 60 years, papillary 
histology, disease amenable to localized intervention such as surgical excision or 
stereotactic radiosurgery (which is likely to be oligometastatic), and good perfor-
mance status [1–5]. Median survival for patients with Karnofsky performance status 
at least 70 was 31 months in one series, and for patients with WHO performance 
status of zero or one was 27 months in another [2, 3].

Treatment options for patients with brain metastases include surgical resection, 
various modalities of radiotherapy including radioactive iodine, TSH-suppressive 
thyroid hormone therapy, and systemic therapy. Supportive care must also be con-
sidered, particularly for patients with poor performance status and/or widespread 
intracranial disease [6]. Of note, there have been no randomized clinical trials spe-
cifically devoted to treatment of brain metastases from differentiated thyroid carci-
noma, and thus recommendations rely primarily upon trials that included patients 
with various solid tumors or retrospective case series of thyroid patients (with their 
inherent risk for treatment bias).

Surgical excision is the traditional approach to treatment for solitary or oligo-
metastatic brain lesions and has been associated with improved survival. In one 
series, median overall survival was nearly five times longer (16.7 versus 3.4 months) 
for patients who underwent surgical excision of one or more intracranial lesions 
compared with those who did not [1]. Resection may be preferred for patients whose 
metastatic tumors are greater than 3 cm in diameter [7]. Surgical excision can pro-
vide diagnostic information when there is uncertainty about the histologic diagnosis 
(e.g., patients with another primary malignancy as well as thyroid) and can be ben-
eficial for relief of acute intracranial swelling if high-dose glucocorticoids are insuf-
ficiently effective. On the other hand, surgery requires time for recovery both before 
and after hospital discharge, carries a degree of risk, and may not be appropriate for 
patients with an expected short survival time due to rapidly progressive systemic 
metastases or poor performance status. Postoperative adjuvant stereotactic radiosur-
gery (SRS) is increasingly recommended, based on greater than 50% improvement 
in  local recurrence-free survival in randomized studies despite lack of prolonged 
overall survival. Postoperative whole brain radiotherapy (WBRT) may be associ-
ated with worse neurocognitive performance than SRS [8].

SRS provides an attractive option for patients with multiple small intracerebral 
metastases by allowing the delivery of a highly focused radiation dose to the tumors 
while minimizing radiation damage to surrounding uninvolved brain tissue [7]. In 
one series of thyroid cancer patients, median overall survival was 37.4 months after 
SRS [2], and in a more recent publication, median overall survival was prolonged 
more than eightfold after SRS [4]. Multiple lesions can be treated simultaneously 
with a limited number of outpatient treatment sessions, and recovery can be rapid. 
SRS is most appropriate for patients with tumors up to 3 cm in diameter, minimal 

32 Differentiated Thyroid Cancer and Brain Metastases



300

intracerebral shift as evidence of mass effect, and good performance status [7]. Due 
to the highly focused radiation dosimetry of SRS, necrosis of surrounding brain tis-
sue is uncommon and typically asymptomatic. Like surgery, there is no evidence to 
support an overall survival advantage by adding WBRT after SRS for metastases 
from solid tumors, although intracerebral recurrence-free survival may be enhanced 
by the combination [7].

WBRT can be of benefit in the local control of multifocal brain metastases in 
patients who are not candidates for surgery or SRS [8]. A standard treatment 
approach to deliver 3000 cGy in ten fractions is commonly employed. Studies in 
other solid tumors have failed to demonstrate a significant advantage to the use of 
altered dosing strategies or concomitant radiosensitizers [6]. Combining WBRT 
with subsequent SRS or using WBRT following either surgery or SRS has been 
associated with improved intracerebral recurrence-free survival, but overall survival 
has not been improved in multiple trials for either oligometastatic or widely meta-
static disease [6, 9]. Unfortunately, eventual development of broad cognitive decline 
has been associated with WBRT, limiting the benefit of this intervention in patients 
anticipated to have longer survival.

Radioiodine has a potential role unique to treating metastases from differentiated 
thyroid carcinoma. In one report, only 17% of patients scanned with radioiodine 
had visible uptake concentrated in a brain metastasis, which may be expected given 
the older age of these patients and their advanced disease [1]. In those cases, surgi-
cal resection combined with high administered activities of radioiodine was 
employed successfully for intracerebral disease control. The use of exogenous 
recombinant human TSH to stimulate radioiodine uptake instead of endogenous 
TSH elevation following thyroid hormone withdrawal may be theoretically prefer-
able to minimize the period of excessive thyrotropin stimulation to tumor growth 
[1]. Dexamethasone should also be given prophylactically to minimize risk for peri-
tumoral edema or hemorrhage following recombinant human TSH or therapy with 
radioiodine [1].

Systemic therapy with kinase inhibitors and immunotherapy have significantly 
improved outcomes of some patients with brain metastases, such as those with mel-
anoma, but reports for thyroid carcinoma patients are limited [8, 10]. In one retro-
spective series of patients with brain metastases from differentiated thyroid 
carcinoma, 12 were treated with various tyrosine kinase inhibitors, often in addition 
to local therapy [4]. Overall survival was fivefold longer in patients treated with a 
kinase inhibitor regimen compared with those without any systemic therapy, but 
multivariate analysis was not performed to try to isolate the effect of the systemic 
therapy itself. Newer agents such as mutation-selective inhibitors selpercatinib and 
dabrafenib appear to be effective in brain metastases from RET-fusion lung carci-
noma and BRAF-mutated melanoma, respectively, and may have a role in differen-
tiated thyroid cancer patients whose tumors bear those mutations as well.

High-dose glucocorticoids may be helpful in the control of cerebral edema that 
often accompanies brain metastases from solid malignancies. In the presence of 
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neurologic symptoms but without impending herniation, starting doses of dexa-
methasone of 4 or 8 mg daily followed by rapid tapering appear to provide optimal 
symptomatic relief while minimizing Cushingoid toxicities associated with higher 
doses [8]. Conversely, in the setting of severe neurologic compromise or risk for 
herniation, higher daily doses of dexamethasone may be warranted. It is reasonable 
to use thyroid hormone to suppress TSH levels, given the stimulatory effect reported 
from high levels of TSH on tumor growth, but data are lacking regarding actual 
efficacy of this approach. Anti-seizure medications are warranted in the presence of 
seizure activity or in the immediate postoperative period, but have not been shown 
to be of value when given prophylactically.

 Management of the Case

The patient presented decades after her initial treatment for thyroid carcinoma with 
a symptomatic, solitary brain metastasis in the absence of any other site of distant 
disease. Despite comorbidities, her good performance status suggested that she 
would benefit from aggressive local therapy. Surgical resection was followed by 
adjuvant radiotherapy to try to reduce the likelihood of recurrence in the surgical 
cavity. Although prolonged anti-seizure medication would not typically be recom-
mended, her acute need for anticoagulation for deep venous thrombosis and pulmo-
nary emboli necessitated caution to minimize risk of further neurologic complication. 
Fortunately, she fully recovered without sequelae and remains without evidence of 
disease more than 2 years from presentation with solitary metastasis.

Clinical Pearls
• Brain metastases are an uncommon, late event in differentiated thyroid 

carcinoma.
• Prognosis is poor, similar to other solid tumors that metastasize to the brain.
• Selected patients with oligometastatic disease and good performance sta-

tus may benefit from either surgical excision or SRS.
• Radioiodine uptake occasionally permits additional intervention with this 

modality.
• Supportive care with judiciously administered dexamethasone can help 

provide symptomatic relief while minimizing symptoms of glucocorti-
coid excess.

• Future studies are required to evaluate the role of systemic therapy options 
for brain metastases from thyroid carcinoma.
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Chapter 33
RAI-Refractory, Advanced Differentiated 
Thyroid Cancer Receiving Kinase 
Inhibitor Treatment: Checking  
for Drug- Drug Interactions

Steven I. Sherman

 Case Presentation

A 67-year-old man presented to his local emergency room with complaints of light-
headedness and an intermittently irregular heart rhythm, without chest pain or short-
ness of breath. His past medical history was notable for diagnosis of papillary 
thyroid carcinoma 5  years previously, treated initially with total thyroidectomy, 
bilateral modified neck dissection, and adjuvant radioiodine. His post-therapy scan 
showed minimal uptake in the neck, but a TSH-stimulated thyroglobulin level of 
524 ng/mL had subsequently prompted tomographic imaging that revealed bilateral 
lung lesions compatible with metastatic thyroid carcinoma. With progressive radio-
graphic enlargement over the succeeding 12 months, and repeat radioiodine imag-
ing that was negative, he was started on oral therapy with sorafenib for 
radioiodine-refractory progressive metastases. He initially responded well, but with 
subsequent progression, his therapy was switched 14  months prior to this emer-
gency room visit to sunitinib. Treatment was complicated by adverse events, includ-
ing hypertension, diarrhea, and hypomagnesemia. Two weeks before his emergency 
room visit, he presented to his local primary care physician with acute bronchitis, 
and antibiotic therapy with clarithromycin was initiated. He returned to his physi-
cian 4 days later complaining of worsening diarrhea and was found to have a blood 
pressure of 170/100 mm Hg and a pulse of 96 beats per minute. Verapamil was 
added to his chronic valsartan therapy, along with an increase in his dosing of 
diphenoxylate/atropine for his diarrhea. On examination in the emergency room, his 
pulse was 52 beats per minute and blood pressure 126/62 mm Hg. An electrocardio-
gram revealed sinus bradycardia, with a prolonged QTc of 520 msec. His serum 
magnesium level was low, 0.9 mg/dL. While preparing an intravenous magnesium 
infusion, his heart rate was noted to increase acutely to 140 beats per minute, and a 
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transient episode of torsades de pointes was identified on his cardiac monitoring. An 
infusion of magnesium, 16 meq, was initiated, and subsequent monitoring demon-
strated improvement in the QTc to 470 msec and resolution of his tachyarrhythmia 
to baseline sinus bradycardia.

 Literature Review

Most available KIs used for treating thyroid carcinoma are dosed once or twice per 
day, with long half-lives that facilitate such dosing schedules [3]. With slow meta-
bolic clearance, often active metabolites and narrow therapeutic windows, the blood 
concentration of KIs can be significantly altered by other agents that interact with 
the enzymes metabolizing their clearance, thus potentially contributing to 
concentration- related toxicities. Most KIs are primarily metabolized through 
hepatic cytochrome P450s, such as CYP3A4 or CYP2C8, and by UDP- 
glucuronosyltransferases [3]. Thus, drugs that activate one of these enzymes might 
reduce the therapeutic effectiveness of a KI by enhancing its metabolic clearance, 
whereas drugs that inhibit the metabolic enzyme might be anticipated to increase 
susceptibility to toxic side effects. On the other hand, gastric acid suppressants, 
which commonly reduce enteric absorption of many oral therapies, have minor 
effects on absorption and drug levels for the KIs used commonly for thyroid carci-
noma. Further, some KIs carry the potential to inhibit other drug metabolizing 
enzymes, thus introducing the potential for the KI to interfere with metabolism of 
other therapies. Finally, occasionally combining a KI with another drug with similar 
toxicity can yield pharmacodynamic interaction that intensifies the risk for that par-
ticular side effect even if neither drug by itself would be considered toxic.

The potential to prolong the QT interval and increase risk for torsades de pointes 
has been a key focus for studies of drug-drug interactions for multitargeted KIs 
relevant to thyroid carcinoma [4]. The interval, defined as the time between the 
beginning of the QRS complex and the end of the T wave, is highly sensitive to 
inhibition of the myocyte potassium channel associated with human ether-a-go-go 
(hERG) that mediates ventricular repolarization during phase II–III of the action 
potential [5]. No single mechanism has emerged to explain the ability of multitar-
geted KIs to inhibit the hERG, and it appears to vary among the different KIs them-
selves. However, alterations in the function of numerous intracellular protein 
kinases including PI3K, AKT, and protein kinase A that function downstream from 
the tyrosine kinases affected by KIs have all been implicated to contribute [5]. 
Electrolyte abnormalities, such as hypokalemia and hypomagnesemia which can 
commonly result from KI-induced diarrhea, may also independently contribute to a 
risk of QT prolongation and torsades de pointes.

The magnitude of the effect of KIs on significant QT prolongation was evaluated 
in a trial-level meta-analysis of placebo-controlled studies that included EKG moni-
toring while on therapy with any of the following drugs: sunitinib, sorafenib, pazo-
panib, axitinib, vandetanib, cabozantinib, ponatinib, and regorafenib; note that all of 
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the first six drugs have been formally studied in phase II or phase III trials in 
radioiodine- refractory differentiated thyroid cancer, and sorafenib is FDA-approved 
for treating thyroid cancer [4]. More than 4% of patients experienced any grade of 
prolongation of the QT interval during therapy with a multitargeted KI, in contrast 
with 0.25% for those untreated, and high-grade prolongation was 2.7-fold more 
likely in the KI-treated patients. The risks were highest for patients treated with 
sunitinib or vandetanib, and importantly a significant correlation was noted between 
drug dosing and frequency of QT prolongation.

The dose-response effect on QT intervals suggests that the risk for pro- arrhythmic 
adverse effect from the KI can be enhanced by concomitant drugs that increase KI 
levels by inhibiting KI metabolism though CYP3A4. Unfortunately, many drugs 
that might be used during supportive care of oncology patients have the potential to 
inhibit CYP3A4, including macrolide and azole antibiotics and calcium-channel 
blockers. Ketoconazole, for example, increases plasma levels of sunitinib by 51%, 
which could be expected to have a major effect on the QT interval, whereas the 
effect on sorafenib concentrations is only 11% [3, 6].

An alternative concern results from concomitant use of drugs that stimulate 
CYP3A4 activity, thereby accelerating the clearance of KIs and potentially reducing 
their oncologic effectiveness. For example, rifampin, a potent inducer of CYP3A4, 
reduces sunitinib plasma levels by nearly 50%, but the impact on lenvatinib levels is 
negligible [3, 7]. Complementary and alternative medicines may also interact. Both 
St. John’s wort (Hypericum perforatum) and Echinacea, which are available as 
over-the-counter medicinal herbs, induce CYP3A4 and have been implicated in 
altering KI pharmacokinetics [6].

Overall, lenvatinib and sorafenib, both FDA-approved for treatment of 
radioiodine- refractory differentiated thyroid carcinoma, are thought to have only 
minor risk for drug-drug interactions due to alteration of KI metabolism. Strong 
inhibitors or inducers of CYP3A4 or CYP2C8 should be avoided, however, in 
patients treated with less commonly used KIs for this disease, such as cabozantinib, 
cobimetinib, dabrafenib, pazopanib, sunitinib, or vandetanib; KI dose reduction 
should be empirically considered if strong cytochrome inhibitors are required [3].

Less commonly, KIs themselves create drug-drug interactions that alter the 
effectiveness of other medications. Most relevant to patients with thyroid carcinoma 
is the common effect of all KIs to contribute to rising TSH levels [2]. Although 
some KIs, most notably sunitinib, cause hypothyroidism when used to treat other 
malignancies in patients with baseline normal thyroid function, the mechanism of 
this effect likely differs in postthyroidectomy patients. Inadequate thyroid hormone 
absorption and accelerated thyroid hormone metabolism are likely to contribute to 
loss of TSH suppression in thyroid carcinoma patients treated with multitargeted 
KIs like lenvatinib or sorafenib, necessitating careful monitoring of TSH levels and 
frequent increases in hormone dosing [1]. A similar effect of KIs is postulated to 
contribute to a need for increased vitamin D dosing in postthyroidectomy patients 
with decreased parathyroid function or frank hypoparathyroidism [1]. Non- 
cytochrome mediated pathways of drug clearance can secondarily be affected by 
KIs, altering drug exposure of other medications and predisposing to drug toxicity. 
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For example, sorafenib partially inhibits several UDP-glucuronosyltransferases 
(such as UGT1A9 and UGT1A1), which can lead to slower clearance of acetamino-
phen and increased risk for hepatotoxicity [6].

The frequency of coadministration of medications that could lead to drug-drug 
interactions is surprisingly high. In one study of patients treated with KIs at the 
Mayo Clinic, the rate of coadministration of medications that could increase 
KI-induced toxicity ranged from 25% for sunitinib to 75% for pazopanib [8]. In a 
second study in renal cell carcinoma, 47% of sunitinib-treated patients were coad-
ministered medications that would inhibit CYP3A4 and potentiate sunitinib 
concentration- dependent toxicities [9]. Unfortunately, the widespread use of elec-
tronic health records has had only a modest effect on reducing hospital-based risk 
for drug-drug interactions.

With the plethora of possible drug-drug interactions that could increase KI drug 
levels and risk for KI-induced toxicities, or otherwise alter the effectiveness or toler-
ance of KI therapy for metastatic thyroid carcinoma, it is imperative that a patient’s 
medications be reconciled at multiple key points in their clinical care to identify 
potential problems that could emerge [1]. At baseline, before a patient is initiated on 
KI therapy, the clinician should review and reconcile the medication list including 
all over-the-counter nonprescription drugs as well as complementary or alternative 
medications that the patient may be obtaining from other sources. If potential drug- 
drug interactions are identified, the clinician can proactively change one of the 
offending medications or alter drug dosing so as to minimize the impact of the 
anticipated interaction. Similarly, such medication reconciliation should take place 
whenever a new concomitant drug is added to the patient’s therapies. The difficulty, 
as demonstrated in this case, is that multiple providers may all be involved in the 
patient’s care, introducing greater risk from polypharmacy and the potential for 
drug-drug interactions. Thus, there is also a need for thorough communication 
among all providers for the patient, such that awareness of all medications being 
prescribed is universal. Perhaps most critical, the patient must be educated and 
reminded by the provider team prescribing the KI of the risk for drug-drug interac-
tions and of the importance of medication review by each prescribing provider to 
minimize that risk. This should certainly be a component of the initial informed 
consent process prior to starting a KI, as well as a part of each subsequent follow-up 
visit [1].

Several tools are available online that simplify the ability to screen for significant 
drug-drug interactions, in addition to those that exist within electronic health record 
and medication prescribing software. The risk for life-threatening arrhythmia due to 
QT interval prolongation can be assessed using the website http://crediblemeds.org/
healthcare-providers/drug-drug-interaction/, which provides the most up-to-date 
and well-annotated summary of information. For more general information and to 
search for other types of interactions, websites such as http://www.webmd.com/
interaction-checker/default.htm and http://healthinfo.uclahealth.org/Library/
DrugReference/DrugInteraction/ provide useful information, including interactions 
with commonly used herbal and over-the-counter supplements. Apps for mobile 
devices have also become available, including a powerful interaction checker in the 
commonly used app Epocrates.
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 Management of the Case

The patient experienced a combination of events that led to heightened risk for 
cardiac arrhythmia. In addition to the potential for QT prolongation by sunitinib, 
the patient developed significant electrolyte loss due to drug-induced diarrhea. 
With the onset of bronchitis, he was given clarithromycin, a recognized inhibitor of 
CYP3A4, which likely led to increased sunitinib concentrations. Regardless of 
whether the worsening diarrhea was secondary to higher sunitinib levels or was 
antibiotic induced, his electrolyte loss worsened, and he developed even greater 
risk for QT prolongation due to severe hypomagnesemia. Exacerbation of hyper-
tension led to addition of a calcium-channel antagonist that likely altered the QT 
interval even further, eventually leading to a typical acquired torsades de pointes 
that fortunately was self-limited and did not degenerate into ventricular tachycardia 
or fibrillation. By treating the hypomagnesemia, the acute risk was averted, and 
gradual clearance of the interacting medications allowed eventual restoration of 
sunitinib therapy.
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Clinical Pearls
• Drug-drug interactions are common with the use of KI therapy.
• Interactions can markedly increase risk for drug toxicity, particularly life- 

threatening complications such as torsades de pointes and other cardiac 
arrhythmias.

• Loss of KI efficacy and alteration in the effectiveness and toxicities of 
other concomitant medications can also result from unanticipated drug- 
drug interactions, including effect on levothyroxine and vitamin D therapy.

• All involved providers and most critically the patient must be made aware 
of the risk for drug-drug interactions throughout the course of KI therapy.
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Chapter 34
Management of Postoperative 
Hypercalcitoninemia in Medullary Thyroid 
Carcinoma

Douglas W. Ball

Abbreviations

DOTATATE DOTA-(Tyr3)-octreotate
MEN 2 Multiple endocrine neoplasia type 2
MTC Medullary thyroid cancer
RET Oncogene, rearranged during transfection
SEER Surveillance, Epidemiology, and End Results

 Case Presentation

A 25-year-old man noted a painless left neck mass. CT of the neck showed left 
cervical adenopathy. On thyroid ultrasound, the left lobe was largely replaced by a 
5 cm lobulated mass. Neck ultrasound showed sonographically suspicious left level 
3 and 4 nodes measuring up to 5.2 cm, with smaller bilateral level 6 nodes. FNA of 
the thyroid mass, left level 3 node, and a left level 6 node were all positive for med-
ullary thyroid cancer. Preoperative calcitonin was 9203 pg/mL and CEA 85.1 ng/
mL. In addition to the neck mass, the patient also noted significant diarrhea. Plasma 
metanephrines, calcium, and PTH were normal. Family history was negative for 
MTC and tumors related to MEN 2. Germline RET gene testing was negative for 
exons 10, 11, and 13–16. CT of the chest abdomen and pelvis, including an arterial 
phase contrast liver examination, showed a 2.5 cm left paratracheal node in low left 
level 6. The lungs, liver, adrenals, and the visualized skeleton were normal.
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He underwent total thyroidectomy, bilateral central neck dissection, and left 
modified neck dissection including levels 2–5. Surgical pathology showed a 3.8 cm 
focus of medullary thyroid cancer in the left lobe and a smaller 3 mm focus in the 
isthmus. Anterior and posterior surgical margins were focally positive. Altogether, 
19 of 47 lymph nodes were positive for MTC, including a 4.5 cm left level 6 node 
and a 5.5 cm left level 3 node. Extranodal extension was not definitively seen. RET 
mutation analysis of tumor DNA revealed the high-risk M918T allele.

The postoperative calcitonin nadir was 114 pg/mL and CEA nadir was 2.0 ng/
mL, and the diarrhea resolved. Follow-up measurements every 3 months showed a 
calculated calcitonin doubling time of 3.0 months. Five months after surgery, his 
diarrhea recurred. Fifteen months after surgery, Ga68-DOTATATE PET-CT showed 
abnormal uptake in left level 2A and left paratracheal nodes. He underwent resec-
tion of a 1.2 cm L level 2A and 4 mm left paratracheal node, accessed through the 
neck. His calcitonin continued to rise to over 3600 pg/mL, 2 years after the initial 
surgery. Repeat Ga68-DOTATATE PET-CT showed an increased number of paratra-
cheal mediastinal nodes. After median sternotomy, level 7 resection showed two of 
six nodes positive, the largest focus 7 mm. A liver wedge biopsy and thymectomy 
performed during that procedure were negative for malignancy.

Postoperatively the calcitonin was 6422 pg/mL and CEA 9.3 ng/mL. He felt well 
except for ongoing diarrhea despite maximal doses of loperamide. Repeat CT imag-
ing showed a growing left upper paratracheal nodal mass, now 2.6 cm. Small lung 
nodules up to 3 mm were newly noted. Based on inoperable progressive MTC and 
a pathogenic RET mutation, he was referred to a clinical trial of a highly selective 
RET inhibitor, Loxo292, now known as selpercatinib (Retevmo®). On 160  mg 
twice daily, his calcitonin progressively fell to <2 pg/mL at his latest follow-up, 
17 months after initiation. CT of the chest showed stable subcentimeter paratracheal 
nodularity, likely representing treated lymph nodes.

 Assessment and Literature Review

This patient presented with locally extensive, nonfamilial MTC at age 25. Despite 
aggressive surgical management, he had local neck recurrences and difficult-to- 
manage paratracheal nodes above and below the thoracic inlet.

Medullary thyroid cancer accounts for only 1–3% of thyroid cancers. MTC 
derives from calcitonin-producing parafollicular C-cells. Although older literature 
proposed a neural crest origin for C-cells, a more contemporary lineage-tracing 
study conclusively showed derivation from foregut endoderm [1]. Twenty-five per-
cent of MTC cases are familial, stemming from germline RET gene mutations. 
Inherited disease was initially suspected in this patient but germline RET testing 
was negative. Tumoral (somatic) RET mutation is present in ~40% of nonfamilial 
patients [2]. Mutations in RAS genes are seen in ~30% of the remaining sporadic 
tumors [3].
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Clinical presentations of MTC are heterogeneous. Cervical lymph node metasta-
ses are identified in 25–82% of patients [4–6]. Distant metastases are detectable at 
presentation in approximately 15% of patients and are rare when the preoperative 
calcitonin is less than 500 pg/mL [7]. The principal metastatic sites are the lung, 
liver, and bone. Liver and bone metastases may be challenging to detect with con-
ventional imaging. Symptomatic presentations with diarrhea or flushing are seen in 
patients with advanced disease.

 Postoperative Staging of MTC Patients

TNM staging of MTC is illustrated in the accompanying box. In general, MTC stag-
ing resembles differentiated thyroid cancer (DTC) staging of patients over 55 years 
old. Younger age in MTC does not carry the marked prognostic advantage seen in 
cases of DTC.

From a practical perspective, the postoperative calcitonin and CEA levels are 
very important. Surgically cured individuals have an undetectable basal calcitonin 
(and pentagastrin-stimulated calcitonin, if performed). Persistently detectable calci-
tonin levels, even in the normal range for an individual with an intact thyroid, indi-
cate persistent disease. Our practice, consistent with ATA guidelines, is to follow 
individuals with low-level postoperative calcitonin elevations with neck ultrasound 
[8]. Calcitonin levels greater than 150  pg/mL prompt cross-sectional imaging. 
Giraudet et al. proposed an imaging set including neck ultrasound, CT of the chest, 
and liver MRI or arterial phase CT, plus skeletal imaging [9]. In patients with 
advanced MTC, bone metastases are very common. MRI of the axial skeleton (with 
arterial phase contrast) and or DOTATATE PET-CT are relatively effective means of 
detecting these sites [9, 10]. Early detection of liver metastases remains an unmet 
clinical need.

 Prognosis of Postoperative Patients

Overall 10-year disease-specific survival in MTC patients is approximately 75% 
[11]. Key prognostic features include TNM stage, calcitonin doubling time, and 
somatic RET mutation status. For stage I, II, III, and IV, the 10-year disease-specific 
survival is 100%, 93%, 71%, and 21%, respectively [12]. In US SEER (Surveillance, 
Epidemiology, and End Results) data, the 10-year survival for patients with distant 
metastases at the time of diagnosis is 40% [13]. These results predate effective oral 
chemotherapy for MTC. Subtotal thyroidectomy or no thyroid surgery versus total 
thyroidectomy has also been associated with decreased survival [13].
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Box: TNM Classification of MTC (American Joint Committee 
on Cancer)
Primary tumor (T)

• T0—No evidence of primary tumor
• T1—Tumor 2 cm or less in greatest dimension limited to the thyroid (T1a, 

tumor 1 cm or less; T1b, tumor more than 1 cm but not more than 2 cm)
• T2—Tumor more than 2 cm, but not more than 4 cm, in greatest dimension 

limited to the thyroid
• T3—Tumor more than 4 cm in greatest dimension limited to the thyroid or 

any tumor with minimal extrathyroidal extension (e.g., extension to sterno-
thyroid muscle or perithyroid soft tissues)

• T4a—Tumor of any size extending beyond the thyroid capsule to invade 
subcutaneous soft tissues, larynx, trachea, esophagus, or recurrent laryn-
geal nerve

• T4b—Tumor invades prevertebral fascia or encases carotid artery or medi-
astinal vessels

Regional lymph nodes (N)*

• NX—Regional lymph nodes cannot be assessed
• N0—No regional lymph node metastases
• N1—Regional lymph node metastases

 – N1a—Metastasis to level VI (pretracheal, paratracheal, and prelaryn-
geal/delphian lymph nodes)

 – N1b—Metastasis to unilateral, bilateral, or contralateral cervical or 
superior mediastinal lymph nodes

*Central compartment, lateral cervical and upper mediastinal lymph nodes
Distant metastases (M)

• MX—Distant metastasis cannot be assessed
• M0—No distant metastasis
• M1—Distant metastasis

Stage

Stage I: T1, N0, M0

• Stage II: T2, N0, M0
• Stage III: T3, N0, M0 T1, N1a, M0T2, N1a, M0T3, N1a, M0
• Stage IVA: T4a, N0, M0T4a, N1a, M0T1, N1b, M0T2, N1b, M0T3, N1b, 

M0T4a, N1b, M0
• Stage IVB: T4b, any N, M0
• Stage IVC: Any T, any N, M1
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Calcitonin doubling time has an important impact on survival and is an espe-
cially useful indicator in the first year following surgery [14]. In the study of Barbet 
et al., calcitonin doubling time provided prognostic information that complimented 
tumor stage, allowing identification of higher-risk stage III patients similar to this 
case. Patients with calcitonin doubling time less than 6 months had a median sur-
vival of only 2.5 years. In contrast, no disease-related deaths were recorded in the 
patient cohort with a doubling time greater than 2 years [14]. Measurement of cal-
citonin (and CEA) at 3-month intervals over the first postoperative year is useful to 
detect higher-risk individuals.

In the context of nonfamilial MTC, tumoral or somatic mutations in the RET 
gene are an important prognostic marker. Elisei and colleagues identified somatic 
RET mutations in 43% of sporadic cases. Seventy-nine percent of these were RET 
M918T, similar to this case. RET mutation correlated with persistent calcitonin 
elevation, nodal and distant metastases, and worsened overall survival. Fifty-six 
percent of mutation-negative patients were free of disease at follow-up vs. 17% 
mutation-positive patients [2]. Patients with tumoral RET mutations need to undergo 
germline RET mutation testing (if not already done) to make sure the mutation is 
not a heritable germline finding.

 Treatment

 Initial Surgical Approach to Patients with Clinically 
Apparent MTC

Standard surgical management of MTC includes total thyroidectomy and a vari-
able degree of lymph node dissection. Exclusion of pheochromocytoma and 
hyperparathyroidism is mandatory prior to MTC surgery. Patients with associated 
pheochromocytoma should undergo appropriate adrenal surgery prior to neck 
surgery.

The optimal extent of lymph node dissection in MTC patients is controversial. 
Current American Thyroid Association guidelines recommend bilateral central neck 
dissection as the typical baseline operation, with therapeutic lateral neck dissection 
as directed by preoperative neck ultrasound and FNA [8]. A minority of panelists 
recommended prophylactic ipsilateral neck dissection. The argument in favor of 
prophylactic neck dissection is fueled by the significant correlation between central 
and lateral compartment involvement [7]. Against prophylactic lateral neck dissec-
tion is the observation that even bilateral central and lateral dissections rarely lead 
to surgical cure when >5 affected nodes are present. The majority of surgically 
cured patients have zero affected nodes [7]. Patients with substantial preoperative 
calcitonin burdens have strong suspicion for distant metastases and should have 
preoperative imaging that assesses the chest, liver, and the axial skeleton.
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 Surgical Approach to Patients with Persistent or Recurrent MTC

The majority of patients with persistent calcitonin elevations after initial surgery are 
asymptomatic. A watchful-waiting approach may be justified in asymptomatic 
patients in the absence of high volume or progressive metastatic disease. Palliative 
repeat neck surgery is sometimes warranted, in order to forestall complications such 
as tracheal invasion, recurrent laryngeal nerve injury, or neck pain. Repeat neck 
surgery with curative intent has a more limited role. Moley and colleagues reported 
a 38% chance of undetectable postoperative calcitonin after second surgery in a 
selected series of patients [15]. A significant fraction of these patients did have 
recurrent calcitonin elevation at a later point. Other series have pointed to lower 
rates of calcitonin undetectability following reoperation with curative intent [16]. 
The role of adjuvant external beam radiation after initial or repeat surgery is uncer-
tain. An older series from the University of Toronto suggested improved locore-
gional control without impact on overall survival, in patients selected to have highest 
risk of local recurrence [17]. Indeed, patients selected for external beam radiation 
had adverse prognosis in the SEER population [13]. External beam radiation often 
makes subsequent surgery challenging, with a higher risk of complications.

 Role of Somatic RET Mutation Testing in Selection of Patients 
for Targeted Oral Chemotherapy

The 2015 American Thyroid Association guidelines recommended germline RET 
mutation testing in the majority of family history negative cases while recommend-
ing neither for or against somatic RET mutation testing [8]. Arguments in favor of 
somatic RET testing include (1) prognostic information cited above, (2) predictive 
information for likelihood of response to approved multikinase inhibitors vande-
tanib and cabozantinib, and (3) eligibility for treatment with second-generation 
highly selective RET inhibitors such as selpercatinib. Both vandetanib and cabozan-
tinib achieve higher partial response rates and improved progression-free survival 
rates in patients bearing a RET M918T mutation [18, 19]. In the case of cabozan-
tinib, this tumor genotype was the only one to clearly show improved overall sur-
vival compared with assignment to placebo [20]. In the phase III vandetanib trial, a 
provision for patient crossover from placebo to active drug at progression probably 
hindered the detection of any impact of genotype on overall survival.

Selpercatinib is a highly selective RET inhibitor studied in the LIBRETTO-001 
phase I/II trial in RET-mutated MTC, RET-rearranged DTC, and RET-rearranged 
lung cancer. Favorable efficacy and tolerability data from this study led to FDA 
approval in May 2020 for three indications including adult and pediatric patients 
≥12 years of age with advanced or metastatic RET-mutant medullary thyroid cancer 
(MTC) who require systemic therapy.
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 Management of the Case

Striking features of this case include the locally extensive disease, the relatively 
young age despite negative germline testing, the aggressive local recurrence, and 
rapidly rising calcitonin despite aggressive surgical management. The availability 
of the selpercatinib clinical trial allowed a dramatic improvement in his imaging 
and tumor markers with excellent drug toleration.
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Clinical Pearls
• MTC prognosis depends on tumor stage, calcitonin doubling time, and 

RET mutation status.
• A rapid calcitonin doubling time is an important adverse prognostic indi-

cator even in patients with stage III disease or with a relatively favorable 
post-op calcitonin nadir level.

• Somatic RET mutation testing in nonfamilial patients who are not surgi-
cally cured can be a highly useful prognostic and predictive marker.

• Highly selective RET inhibitors offer a promising approach to inoperable 
and metastatic RET-mutant MTC.
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Chapter 35
Tumor Related- and Non-tumor-Related 
Diarrhea in a Medullary Thyroid Cancer 
Patient

Rosa Falcone, Valeria Ramundo, and Giorgio Grani

 Case Presentation

A 37-year-old man presented to the emergency department with a 1-month history 
of dysphonia and a painful, progressively enlarging neck mass. He had no relevant 
previous medical or family history, except for a 2-year history of chronic diarrhea 
with three to four loose, watery stools per day, without mucus or blood. The fre-
quency of the diarrhea had recently increased. He denied nausea, vomiting, or fever 
but had occasional mild abdominal cramping. These symptoms were not related to 
meals, and the diarrhea did not improve despite a lactose-free diet. Stool analysis 
was negative for bacteria, fungi, and parasites. Colonoscopy and gastroscopy were 
normal. Laryngoscopy performed in the emergency room revealed a left vocal cord 
paralysis. A neck and chest computed tomography (CT) scan showed an intratho-
racic goiter with multiple suspicious central and left neck nodes and suspicious 
bilateral axillary and mediastinal nodes, as well as vertebral metastases. The patient 
was referred to the endocrinology department. Thyroid ultrasound confirmed an 
enlarged thyroid gland with multiple nodules, the most significant measuring 
3.6 × 2.8 × 1.7 cm in the left lobe, and multiple sonographically suspicious ipsilat-
eral lymph nodes. Fine needle aspiration (FNA) cytology of the dominant thyroid 
nodule and one left neck lymph node was interpreted as suspicious for thyroid car-
cinoma (Bethesda class V) and was suggestive of medullary thyroid carcinoma 
(MTC). Serum calcitonin was 16,639  pg/ml (reference range,  <  10  pg/ml), and 
serum carcinoembryonic antigen (CEA) was 29 ng/ml (reference range, < 3.4 ng/
ml). Catecholamines and metanephrines in urine were requested to rule out a pheo-
chromocytoma in the context of a possible genetic syndrome and were normal.
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The patient underwent a total thyroidectomy with central and bilateral lateral 
neck dissections. The surgical pathology revealed multifocal medullary thyroid can-
cer, involving the resection margin, with lymphatic and vascular invasion. Metastases 
were found in 22 of 31 lymph nodes in the lateral and central neck (pT4a pN1b R1 
cM1, stage IVC, AJCC TNM staging system, eighth edition). A germline RET 
mutation was ruled out, while a somatic T918M somatic RET mutation was identi-
fied. Two months after surgery, calcitonin increased to 24,000 pg/ml and diarrhea 
persisted. He was started on symptomatic treatment with loperamide, with improve-
ment (two stools per day). Three months later, a total body CT scan showed progres-
sive disease on the mediastinum and bone, and serum calcitonin had increased to 
28,694 pg/ml with stable CEA levels. The multidisciplinary endocrine tumors team 
decided to initiate systemic treatment for rapidly progressive metastatic 
MTC. Cabozantinib was started at a dose of 140 mg daily. The patient experienced 
grade (G) 2 hypertension and G2 weight loss during the first 2 months of treatment, 
with stable disease as the best response (−16% at CT scan according to RECIST 1.1 
criteria). Starting from the third month of cabozantinib, diarrhea, which never dis-
appeared, worsened to G2 (six stools per day), and loperamide was not able to 
provide relief (Table 35.1). The dose of cabozantinib was reduced twice without 
benefit: diarrhea worsened to G3. The patient required hospitalization for hydration 
therapy, and octreotide was added as symptomatic treatment and cabozantinib was 
held. At that time, CT scan showed stable disease with a mild increase in mediasti-
nal nodes. Cabozantinib was permanently discontinued because the patient needed 
more than 1 month to recover, and the multiple toxicities were considered unaccept-
able for the patient (G3 diarrhea, G3 weight loss, G3 asthenia, G2 hypertension, G2 
hand foot syndrome, G2 bleeding). After 2 months of a treatment holiday, the patient 
recovered completely. He was occasionally taking loperamide for G1 diarrhea and 
no other medications. His weight improved but the serum calcitonin was increasing, 
and chest CT scan showed a pleural effusion with progression in the mediastinal 
nodes. At that point, treatment with vandetanib 300 mg daily was started and is 
ongoing after 7 months with stable disease as the best objective response according 
to RECIST 1.1. criteria. Tolerability of vandetanib has been acceptable with G1 skin 

Table 35.1 Classification of the drug-related diarrhea according to common terminology criteria 
for adverse events (CTCAE) v5.0

Diarrhea

Grade 1 Increased of <4 stools per day over baseline, mild increase in ostomy output compared 
to baseline

Grade 2 Increased of 4–6 stools per day over baseline, moderate increase in ostomy output 
compared to baseline. Limiting instrumental ADL

Grade 3 Increased of ≥7 stools per day over baseline, hospitalization indicated, severe increase 
in ostomy output compared with baseline. Limiting self-care ADL

Grade 4 Life-threatening consequence. Urgent intervention indicated
Grade 5 Death

ADL Activities of daily living
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rash (papules and pustules covering <10% body surface area, without pruritus or 
tenderness) and G1 hypertension. Since starting vandetanib, his diarrhea has com-
pletely resolved.

 Diarrhea in MTC

When faced with a patient with chronic diarrhea (lasting for more than 4–6 weeks), 
neuroendocrine tumors should always be considered in the differential diagnosis 
[1]. Clues should be sought in the clinical history, physical examination, laboratory 
tests, and complementary studies [2]. They can help rule out more common causes 
of chronic diarrhea such as infections, drug use, chronic inflammatory diseases, 
cathartic agent use, and diabetic diarrhea. Symptoms associated with carcinoid syn-
drome diarrhea are watery stools and large stool volume (>1 L/day), not affected by 
fasting, occurring during daytime and nighttime, with stool frequency ranging from 
2 to >20/day [2].

Diarrhea has been described in 10–30% of patients with MTC, with an increased 
rate in advanced, metastatic disease [3, 4]. Two pathophysiological mechanisms 
have been postulated to explain diarrhea in MTC: (1) a secretory process induced by 
hyper-calcitoninemia or small molecules such as prostaglandins and (2) dysfunction 
of the colon, probably secondary to the marked shortening of transit time in this 
organ [5].

In the past, diarrhea was considered to result from a secretory process induced by 
raised circulating calcitonin: indeed, an acute intravenous infusion of calcitonin 
induces small bowel (i.e., jejunal and ileal) secretion of water and electrolytes in 
normal man. In addition, pathophysiological studies of two cases of MTC with diar-
rhea confirmed that the increased fecal output of water and electrolytes was caused 
by the impairment of small intestine function [6, 7]. Other evidence suggested that 
circulating prostaglandins E2 and F2a, serotonin, and substance P can be increased 
in patients with MTC [8] and act synergistically with calcitonin. For instance, 
excess serotonin increases peristalsis, which results in reduced absorption of water 
and electrolytes, leading to diarrhea. Prostaglandins activate the adenylyl cyclase/
cAMP mechanism, leading to net intestinal fluid secretion. However, some patients 
with MTC and diarrhea have normal circulating concentrations of these biologically 
active agents [5]. Other findings do not support the hypothesis of the increased fecal 
output of water and electrolytes caused by the impairment of small intestine func-
tion and propose an insufficient net absorption in the colon, secondary to a motor 
disturbance [5]. The humoral agent responsible for this motility disorder remains to 
be discovered.

Regardless of diarrhea pathogenesis (an imbalance between secretion and 
absorption of water and electrolytes in small bowel and colon), adequate symptom-
atic control is needed because chronic diarrhea impairs the quality of life of these 
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patients. Diarrhea has a particularly noticeable adverse impact on physical, emo-
tional, and social well-being [9]. Interventions to improve individual daily activities 
and productivity can improve health-related QoL and reduce stress.

 Management of Diarrhea in MTC

The optimal management of diarrhea in advanced MTC is critical to improving the 
quality of life of these patients (Table 35.2). There is more clinical experience with 
patients suffering from secretory neuroendocrine tumors (NET) rather than 
MTC. However, since diarrhea is a symptom/sign in both groups, it is usual to apply 
the same management of diarrhea in NET to MTC [2]. The initial treatment approach 
is based on antimotility agents such as loperamide, diphenoxylate with atropine, 
and tincture of deodorized opium. The treatment should begin with loperamide 
because of its low potential for abuse and dependence. Deodorized tincture of opium 
is very potent and is useful in severe cases but can induce drug dependence.

Somatostatin analogs (SSA) are a cornerstone in the management of carcinoid 
syndrome-related diarrhea. Both long- and short-acting SSAs (octreotide, lanreo-
tide) effectively control the symptom. There is a clinical benefit of using somatosta-
tin analogs, but the mechanism is uncertain since a reduction in calcitonin 
concentrations has not been demonstrated with those agents. SSAs are generally 
well tolerated but have some side effects such as nausea, abdominal discomfort, 
bloating, diarrhea, hyperglycemia, and fat malabsorption within the first weeks of 
treatment. One of the most important is the reduction of gallbladder contractility 
and delay in postprandial gallbladder emptying; up to 25% of patients develop 
asymptomatic cholesterol gallstones during the first 18  months of treatment. In 
2017, the FDA approved telotristat ethyl, a tryptophan hydroxylase inhibitor that 
decreases serotonin production, in combination with SSA therapy for the treatment 
of adults with carcinoid syndrome diarrhea that SSA therapy alone has inadequately 
controlled [10]. In refractory cases, patients may obtain relief of symptoms with 
therapies that reduce tumor burden, such as tumor ablation (chemoembolization, 
radioembolization, radiofrequency) or surgical debulking. Unfortunately, symp-
toms reappear with disease recurrence or progression.

Although dietary modifications for management of carcinoid syndrome diarrhea 
are recommended through patient websites and healthcare provider interviews, 
there is no clear evidence that demonstrates their efficacy, and neither of the main 
treatment guidelines provide dietary advice [11, 12]. Anecdotal evidence for symp-
tom improvement has been observed by physicians in their clinical practice recom-
mending frequent small meals and avoidance of aged cheeses, fermented foods with 
high amine content, drinks that contain caffeine, and sugar-rich beverages. Hydration 
is always recommended. On the whole, it is essential to maintain adequate hydra-
tion with electrolyte replacement and antispasmodic and analgesic treatment to con-
trol cramps. If an infection is suspected, appropriate antibiotics should be 
administered (Table 35.2).
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 Diarrhea as an Adverse Event of Novel Targeted 
Agents in MTC

Vandetanib and cabozantinib are drugs approved by the Food and Drug 
Administration and the European Medicines Agency to treat unresectable, late- 
stage, metastatic MTC. These agents may be effective in treating advanced MTC, 
also controlling carcinoid syndrome symptoms (i.e., diarrhea, flushing), but, at the 
same time, these systemic therapies may cause diarrhea as a side effect.

Vandetanib is a multikinase inhibitor (MKI) targeting RET, VEGFR, and EGFR 
signaling. In the randomized, placebo-controlled, double-blind, phase III ZETA 
trial, diarrhea (any grade) was observed in 56% of patients (N = 130) in the vande-
tanib arm compared to 26% of patients (N = 26) in the placebo arm [13]. Severe 
diarrhea (>G3) occurred in 11% (N = 25) of patients in the vandetanib group and in 
2% (N = 2) in the control arm. Final recommendations for vandetanib use in patients 
with MTC require close monitoring of diarrhea that can be related either to the dis-
ease or to an adverse drug reaction. In case of diarrhea, the presence of dehydration, 
electrolyte imbalance, and/or impaired renal function may increase the risk of pro-
longing the QTc interval and predispose to malignant cardiac arrhythmias. 
Therefore, close ECG monitoring is mandatory. It is also important to maintain 
normal serum potassium, magnesium, and calcium levels as well as renal function 
during treatment with vandetanib.

Cabozantinib was the second drug approved for the treatment of MTC patients. 
It is a MKI that targets three relevant pathways: MET, VEGFR2, and RET. In the 
double-blind, phase III trial comparing cabozantinib (140 mg daily) with placebo, 
diarrhea (all grade) was reported in 63.1% (N = 135) of patients treated with cabo-
zantinib compared to 33% (N = 36) in the control group. Diarrhea (≥G3) was seen 
in 15.9% of patients in cabozantinib group versus 1.8% in the placebo group [14].

Optimal management of MKIs is required to obtain the maximum therapeutic 
effect with an acceptable tolerability profile. In clinical trials, diarrhea-related 
adverse events were managed with antidiarrheal medications, hydration, drug dose 
reduction, or drug suspension/discontinuation, based on the severity of toxicity. If 
severe diarrhea is identified (grade 3 according to the common terminology criteria 
for adverse events), the MKI should be discontinued until the patient recovers and 
diarrhea reduces to G1 or less. Hospitalization is recommended for hydration, 

Table 35.2 Supportive treatment for the management of diarrhea in patients with medullary 
thyroid cancer (MTC)

Fluidotherapy Hydration; electrolytes and water replacement

Antidiarrheal drugs Loperamide 4 mg followed by 2 mg/4 h (maximal dose 16 mg/day)
Somatostatin analogs Lanreotide (90–120 mg SC every 4 weeks)

Octreotide (150–250 mcg SC TID)
Octreotide LAR (20–30 mg IM every 4 weeks)

Antibiotics Metronidazole, quinolones
Analgesia Spasmolytic drugs
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monitoring of electrolyte imbalance, renal function, QT status, and management of 
symptoms. Once diarrhea reduces to grade 1 or less, vandetanib or cabozantinib 
could be reintroduced at a reduced dose. If life-threatening G4 diarrhea occurs and 
it is recognized as a treatment-related side effect, hospitalization is mandatory, and 
MKI discontinuation is recommended.

 Back to the Patient

 Symptomatic Management of the Case

Our patient had advanced sporadic MTC, with metastases to distant nodes and bone 
at the time of diagnosis. He required two courses of systemic MKI to control pro-
gressive disease.

In particular, diarrhea was the presenting manifestation of MTC as well as a side 
effect of cabozantinib. Drug-related diarrhea was managed with loperamide and 
somatostatin analog therapy, dose reduction, and, finally, drug discontinuation. 
Ultimately, the diarrhea resolved with the radiological response to vandetanib.

Clinical Pearls
• Diarrhea is a nonspecific symptom, and a delay in MTC diagnosis 

is common.
• Chronic diarrhea in MTC has been related to a secretory process induced 

by hyper-calcitoninemia and/or to insufficient net absorption in the colon, 
secondary to a possible motor disturbance (marked shortening of transit 
time in this organ). The humoral agent responsible for this motility disor-
der remains unknown.

• The treatment of diarrhea in a patient with MTC includes fluid and electro-
lyte replacement, antidiarrheal drugs, and somatostatin analogs. 
Antidiarrheal drugs, slowing intestinal motility, can be effectively used as 
first-line therapies. In more severe cases, somatostatin analogs may be use-
ful. In refractory patients, tumor burden-reducing techniques represent a 
more aggressive strategy that should be considered.

• It is important to differentiate MKI-related diarrhea from MTC-related 
diarrhea, or diarrhea caused by other complications (such as infection), in 
order to provide the most specific and effective treatment.

• Control of disease-related symptoms and side effects in patients with MTC 
is essential to provide an optimal quality of life to affected patients.
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Chapter 36
Clinical Management of a Patient 
with a Locally Recurrent Medullary 
Thyroid Cancer and Asymptomatic Slowly 
Progressing Distant Metastases

Virginia Cappagli, Valeria Bottici, and Rossella Elisei

 Case Presentation

On May 1994, a 21-year-old woman with a 3.5 cm left thyroid nodule underwent 
total thyroidectomy mainly for aesthetic reasons. Paratracheal lymph nodes were 
also removed because they were found to be enlarged and suspicious by the sur-
geon. The histology identified a 3.2 cm medullary thyroid cancer (MTC) with three 
metastases out of six paratracheal lymph nodes (T2N1aM0). No information about 
presurgical functional thyroid status or serum calcitonin (Ct) levels were available. 
Fine-needle aspiration cytology (FNAC) was indeterminate showing a microfollicu-
lar cell pattern that could be nowadays included in the category III of Bethesda 
cytological classification.

In October 1994, the patient arrived at our center for consultation: serum Ct was 
118 pg/ml (normal <14 pg/ml), and neck ultrasound showed the presence of a post-
surgical remnant thyroid tissue in the thyroid bed with no evidence of suspicious 
lymph nodes in the neck. The screening for germline RET mutations was negative.

In the subsequent 2 years, serum Ct progressively, but slowly, increased with no 
evidence of structural disease on neck ultrasound or computerized tomography 
(CT). In November 1996, a suspicious left laterocervical lymph node measuring 
1.2 cm was found on neck ultrasound; at that time, serum Ct was 736 pg/ml; the 
cytology of the lymph node and the high values of Ct in the washout of the needle 
used for the aspiration (1648 pg/ml) confirmed an MTC lymph node metastasis. In 
February 1997 [serum Ct, 1360 pg/ml, and carcinogenic embryonic antigen (CEA), 
46.3 ng/ml], the patient underwent bilateral and central compartment nodal dissec-
tions. However, out of 32 lymph nodes that were removed, only the left 
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laterocervical lymph node, corresponding to the one observed on neck ultrasound, 
was metastatic.

Two months after surgery, serum Ct was still elevated (1048 pg/ml) and increas-
ing up to 2240 pg/ml in July 1997; a neck CT scan performed in September 1997 
showed a left paratracheal/mediastinal nodule of 19 × 23 × 32 mm, with a suspi-
cious cytology and Ct in the needle washout >2400 pg/ml. Because a total body 
(TB) CT scan did not show any other lesion in extracervical sites, we decided to 
proceed with local therapy. In November 1997, the patient underwent a diathermy 
ablation of the lesion with a 40% reduction in its volume. Eighteen months later, at 
the end of April 1999, the lesion measured at neck ultrasound was even bigger than 
before (19 × 28 × 32 mm) (Fig. 36.1); total body CT scans confirmed that this was 
the only lesion, and we performed a surgical paratracheal dissection. The histology 
showed that the removed tissue was a recurrence of the primary tumor, since only 
medullary cancer cells and no lymphoid elements were present. The tissue analysis 
for somatic RET mutation showed the presence of a somatic M918T mutation. The 
postsurgical serum Ct progressively dropped and become <14 pg/ml (Fig. 36.2). 
Neck ultrasound and CT scan were negative in follow-up.

In 2001, basal Ct was still <14 pg/ml but a pentagastrin stimulation test showed 
a peak Ct of 88 pg/ml. At this time, both neck ultrasound and total body CT scan 
were still negative.

From 2001 to 2005, the patient, by her choice, did not undergo any biochemical 
or radiological assessment. In February 2005, she returned to our center, and at that 
time, serum Ct was 21 pg/ml; neck ultrasound and neck CT scan showed subcenti-
meter lymph nodes that were not clearly metastatic. No distant metastases were 
present, and a total body bone scan was negative. We continued to follow our patient 
with clinical, biochemical, and imaging assessment every 12  months, and from 
2005 to 2009, the disease was stable.

a b

Fig. 36.1 Neck ultrasound of the left paratracheal lesion in April 1999, before the surgical exci-
sion, the histology of which demonstrated a medullary thyroid cancer local recurrence. (Panel a) 
Standard neck ultrasound transverse section with the anteroposterior (28.0 mm) and latero-lateral 
(19.1 mm) diameters of the paratracheal lesion. (Panel b) Color-Doppler imaging of the paratra-
cheal lesion showing the intralesion irregular hypervascularity (sagittal section, 32 mm)
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In June 2009, the total body CT scan showed the persistence of small lymph 
nodes in the neck, the appearance of micronodules in the lung, and three new hepatic 
lesions (largest was 12 mm) with radiographic characteristics suspicious for meta-
static lesions. Serum Ct levels had slowly increased up to 69 pg/ml while serum 
CEA was in the normal range (<5 ng/ml). We decided to not recommend active 
therapies but to follow the strategy of “wait and see.”

During the following 3 years, radiological assessments showed the progression 
of the hepatic metastases; in particular, the one that had been 12 mm in 2009 grew 
to 14 mm in 2010, 15 mm in 2011, and 17 mm in September 2012 (Fig. 36.3, Panel 
a) with a mean size increase of 20% per year. In parallel, serum Ct increased from 
69  pg/ml on June 2009 to 314  pg/ml on September 2012 and CEA levels from 
3.12  ng/ml on June 2009 to 15.6  ng/ml on September 2012 (Fig.  36.2). At this 
moment, the doubling time of both Ct and CEA was 1.5 years.

In January 2013, the total body CT scan confirmed that the only growing lesion 
was the hepatic one which was now 19 mm. At this point, we explored the possibil-
ity of performing locoregional percutaneous thermoablation, but because of its 
close relationship with the gallbladder and the risk for unsuccessful treatment, we 
agreed on a surgical approach and the patient underwent hepatic metastasectomy.

One year later, the radiological assessments confirmed the stability of small cer-
vical lymph nodes, small lung nodules, and the other two subcentimeter hepatic 
lesions, in the absence of new metastatic or suspicious lesions (Fig. 36.3, Panel b). 
The serum Ct dropped very rapidly, and for several years it remained stable, as well 
as all the micrometastatic lesions in the lung and the liver.
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Fig. 36.2 Serum Ct and CEA variations during the follow-up of the patient: a correlation between 
the two markers is evident as well as a correlation with therapeutic interventions
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Five years later, in 2018 some of the liver microlesions started to grow and a 
transarterial radioembolization (TARE) was performed with success (Fig.  36.4). 
The patient is now 47 years old; her general health and quality of life are still very 
good after 26 years from the diagnosis.

 Diagnosis/Assessment

This case offers the opportunity to discuss several still controversial issues related 
to the diagnosis and treatment of metastatic disease in MTC patients.

MTC is a rare thyroid tumor representing only 5–7% of all thyroid malignancies. 
It can be sporadic (80%) or familial (20%). Its pathogenesis is related to a molecular 
alteration of RET oncogene that can be present at the germline level in familial cases 
or at somatic level in sporadic cases [1]. MTC prognosis is strongly related to the 
presence of metastatic disease outside the neck, with a survival rate of about 30–35% 
at 10 years when distant metastases are present at the time of diagnosis [2]. Also the 
presence of a somatic RET mutation has been demonstrated to be correlated to an 
advanced stage and a lower survival [3–5]. The detection of a somatic RET mutation 
in the paratracheal tissue of the patient is suggestive of a more aggressive 

b

a

16,69 mm

Fig. 36.3 (Panel a) CT 
scan of the hepatic 
metastases, with the largest 
one located very close to 
the gallbladder and 
measuring 17 mm in 
September 2012. (Panel b) 
Patient’s liver CT scan 
12 months after 
metastasectomy in 2014: 
no recurrence of the largest 
lesion was visible
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phenotype, with a higher risk of disease-related mortality even though the absence 
of distant metastases at the time of diagnosis likely reduces this risk [6, 7].

This is a typical case in which the presurgical diagnosis of MTC was missed 
since the serum Ct was not measured and the cytological diagnosis of the nodule 
was indeterminate, as it can sometimes happen in MTC. An international and mul-
ticenter study recently demonstrated that the FNAC was able to identify only 46% 
of 245 sporadic MTCs evaluated in 12 centers across 7 nations in 4 continents [8]. 

a b

c

Fig. 36.4 The CT scan images of the liver metastasis of the patient before (Panel a) and after 
(Panel b) the YTTRIUM-90 TARE treatment. Panel c shows the images of the hepatic angioscin-
tigraphy with microaggregated albumin labeled with 99mTC that must be performed before TARE 
to verify the presence of contraindications
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In this case, the measurement of serum Ct could have helped to avoid this mistake 
and allowed the appropriate surgical procedure to have been performed, which 
would possibly have changed the long-term outcome.

The measurement of Ct in the washout of the needle used for aspiration is of 
great help in the diagnosis of both primary MTC and lymph node metastases [9]. 
This procedure is particularly useful when the cytology is unclear or undefined and 
the serum Ct is borderline. Sometimes, if the serum Ct levels are very high, blood 
contamination can lead to a false-positive result, but the identification of a cutoff 
above which metastatic disease is likely can solve this problem [10].

At a certain point during the follow-up of this patient, she could have been con-
sidered to be “cured” since the serum Ct was undetectable (<14 pg/ml) from 1999 
to 2001. However, the pentagastrin stimulation test demonstrated a peak Ct of 
88 pg/ml suggesting that residual disease was still present. It is still a matter of dis-
cussion if postsurgical Ct stimulation testing is worthwhile when the postsurgical 
basal serum Ct is undetectable or in the normal range. There are studies showing 
that MTC patients with a basal Ct lower than the upper limit of the reference range 
have a risk of recurrence of 10%, and therefore they can be considered to be cured, 
and their follow-up can be less intensive [11]. However, this percentage is reduced 
to 3% in patients with negative Ct stimulation test [10], and thus, we believe that at 
least one stimulation Ct test after surgery can be useful to better identify patients 
who have a higher probability of being free of disease [12].

 Management

Newly diagnosed patients with MTC are usually 45–50 years old at the time of the 
diagnosis, and thus our patient was rather young. However, age at presentation is 
not a risk factor neither for the progression of the disease nor survival. However, 
younger age can impact on the choice of therapy. For example, after the third sur-
gery, external radiotherapy (ERT) might have been considered, but the patient was 
only 25 years old, and her young age was a relative contraindication to ERT [13, 
14]. Nevertheless, no further recurrence in the neck has been observed thus far, after 
15 years from the last surgery.

The choice to repeat surgery in the neck was made because of the evidence that 
the disease was locally metastatic without distant metastases. There is a general 
agreement among experts [14] that when MTC is characterized by a single meta-
static lesion or several but subcentimeter lesions and not progressive, a local treat-
ment is preferred, thus delaying systemic therapy, especially in young patients. The 
rationale underlying this concept is related to two major factors: the slow growth 
that characterizes the biological behavior of many MTCs and the multiplicity of 
adverse effects of systemic therapy. As far as the degree of progression is concerned, 
only a progression rate of the target lesion(s) greater than 20% in at least 
12–14 months is considered sufficiently worrisome to consider initiation of systemic 
therapy [15]. If the growth rate is slower, it is better to wait and see with periodical 
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imaging controls. The doubling times of both serum Ct and CEA are good indicators 
of progression [16–17] and are very helpful in planning the follow- up schedule: if 
the doubling time is shorter than 6–12 months, the patient must be revaluated at 
shorter time intervals, and it is likely that at one of these assessments cross-sectional 
imaging will demonstrate a significant increase of one or more lesions. In contrast, 
if the doubling time is greater than 12–24 months, the patient can be monitored less 
frequently, e.g., every 12–18 months, because of a lower risk of significant progres-
sion on imaging. Our patient had a Ct and CEA doubling time of 1.5 years, and for 
this reason, we monitored her once a year. However, since one of her several distant 
micrometastases was growing and because it was very close to the gallbladder, we 
decided to treat the patient surgically rather than with systemic therapy. Few years 
later, some of the liver lesions, but not the others, started to grow and we decided to 
treat the patient with an “organ” local therapy such as TARE. This mini-invasive 
therapy performed by introducing selective internal radiation (YTTRIUM-90) 
microspheres is commonly used for neuroendocrine liver metastases [18] and can 
also be used in MTC liver metastases, especially if small, disseminated, and well 
vascularized. A hepatic artery angiography [19], for diagnostic evaluation of liver 
metastases, and to exclude a pulmonary shunt, which represents a contraindication 
to TARE, should always be performed before TARE (Fig. 36.4, panel C).

 Outcome

This is a very typical intermediate-risk MTC patient with a long survival from the 
time of the diagnosis (i.e., 26 years, at present), with a good quality of life and a low 
relative risk of death from the disease. All together she has had four surgical treat-
ments in 26 years, with many years of good health between procedures. If, during 
her follow-up, we had decided to initiate systemic therapy, only standard chemo-
therapy would have been available until 2005. Several regimens have been proposed 
over the years, but none of them has been demonstrated to be clinically effective 
despite having high levels of toxicity [20]. After 2005, several clinical trials with 
new targeted therapies were initiated, based on the ability of some of these drugs to 
inhibit tyrosine kinase receptors (TKIs) which are frequently involved in tumor 
transformation and progression. One of these receptors is coded by RET oncogene 
that is frequently altered in MTC, which is the rationale for such therapy in this 
condition. Unfortunately, these therapies have a lot of adverse reactions, including 
life-threatening events that, if not controlled or limited, can greatly affect the quality 
of life of treated patients and potentially even cause mortality [21, 22]. This was the 
reason we postponed for as long as possible the initiation of systemic therapy in our 
young patient even when one of the liver metastases started to grow. Since the 
lymph node and lung metastases were substantially stable, we preferred to treat the 
patient with a specific “organ” local therapy such as TARE that was able to stop the 
growth of, and even reduce, the liver lesions. With this therapy we further postponed 
the need to start a systemic therapy following the suggestions of experts [23].
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In accord with the natural history of MTC and the fact that a somatic RET muta-
tion was present in the tumor tissue, we can anticipate progression of the metastatic 
lesions that have already been detected or the appearance of new lesions within a 
few years. At that time, together with the patient, we will decide if it will be the right 
time to start systemic therapy or if there will still be a role for another local treat-
ment. In the meantime, she is continuing to have a good quality of life after 26 years 
from the diagnosis.

 Conclusions

This case represents a typical MTC case in which the combination of local treat-
ments and “wait-and-see” strategy allowed the patient to have a relatively normal 
life with no other medication other than levothyroxine therapy.
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Chapter 37
A Patient with an Advanced Medullary 
Thyroid Cancer and Progressive, 
Symptomatic Distant Metastases: When 
to Start Systemic Therapy

Carlotta Giani, Antonio Matrone, and Rossella Elisei

 Case Presentation

A 39-year-old man was diagnosed with a multinodular goiter after a neck ultra-
sound was performed because of familial thyroid disease. Neck ultrasound (US) 
showed the presence of a solid hypoechoic nodule measuring 3.8 cm in the left lobe 
and an anechoic nodule measuring 1.2 cm in the right lobe. Laboratory findings 
showed a TSH of 1.2 mU/l, negative TgAb and TPOAb, and normal values of both 
FT3 and FT4. A fine-needle aspiration cytology (FNAC) of the biggest nodule 
revealed a microfollicular lesion (Bethesda class III) and surgical treatment was 
suggested.

In April 2003, the patient was referred to our institution for a second opinion. A 
neck US performed in our center confirmed the presence of the two thyroid nodules 
but also showed three right hypoechoic laterocervical nodules with microcalcifica-
tions that were highly suspicious for lymph node metastases. Serum calcitonin (Ct) 
was markedly elevated at 3654 pg/ml (normal <10 pg/ml). Fine-needle aspiration 
cytology of the 3.8 cm thyroid nodule was positive for medullary thyroid cancer 
(MTC), and cytology of a 1.4 cm right laterocervical lymph node was positive for 
MTC as well. We performed germline RET mutational testing and a Ser891Ala 
mutation was found, thus converting the case from apparently sporadic to a heredi-
tary form of MTC. Thereafter, the screening of his first-degree relatives (parents and 
siblings) was started, and several of them were found to be positive. A program of 
clinical and biochemical (i.e., basal and stimulated Ct) screening was initiated. The 
patient was submitted to clinical and biochemical evaluations to verify the presence 
of other endocrine neoplasia such as multiple adenomatosis of parathyroid glands 
and pheochromocytoma, but he was negative for both of them.
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In May 2003, the patient underwent a total thyroidectomy with central and right 
laterocervical compartmental lymph node dissections. The histological examination 
showed an MTC of 2.9 cm with metastatic lymph nodes of the central (5/8) and 
right laterocervical (4/10) compartments (pT2N1bMx). Four months after surgery 
(September 2003), a neck ultrasound was performed that showed the presence of 4 
new suspicious left laterocervical lymph nodes. The largest, measuring 1.2 cm, was 
biopsied and its metastatic nature was confirmed with Ct on the needle washout 
fluid >10,000 pg/ml; at this time, serum Ct was 1000 pg/ml and carcinoembryonic 
antigen (CEA) was 20 ng/ml (normal <5.0 ng/ml). Computerized tomography (CT) 
scan of the neck, mediastinum, and thorax confirmed the presence of metastatic 
lymph nodes in the neck and also revealed the presence of two suspicious metastatic 
lymph nodes in the mediastinum and some subcentimeter lung lesions which were 
too small to be better characterized; there were no other suspicious lesions.

At this point, we decided to perform a left laterocervical lymph node dissection 
with the simultaneous removal of the lymph nodes in the mediastinum. Histological 
examination confirmed the metastatic nature of the laterocervical (4/5) and medias-
tinal (2/2) MTC lymph nodes.

The first clinical follow-up visit after this second neck surgery was performed 
6 months later (April 2004). Serum Ct was 650 pg/ml, CT scan confirmed the pres-
ence of unchanged lung micronodules, and neck US was negative for suspicious 
lymph nodes.

During the following annual visits and biochemical assessments, serum Ct 
slightly but progressively increased over the years (Fig. 37.1), but the chest CT scan 
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Fig. 37.1 Serum calcitonin (Ct) and carcinoembryonic antigen (CEA) during the years of follow-
 up of the patient: a more significant increase of both markers was observed just before the starting 
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showed a stable disease. After 2 years of stable disease, the patient started to com-
plain about diarrhea. The diarrhea was well controlled with medication (loperamide 
2 mg, until eight tablets daily), but because of the progressive increase in serum Ct 
and the symptomatic disease (diarrhea), the patient was enrolled in the first experi-
mental clinical trial with the tyrosine kinase inhibitor AMG 706 (i.e., motesanib) in 
February 2006. After 3 weeks of treatment, his diarrhea was completely controlled 
with no more need for loperamide, and his Ct levels remained substantially stable, 
with no evidence of progressive disease on the chest CT scan. In January 2007, 
despite the stable disease, motesanib was discontinued due to the development of 
hydrops of the gallbladder, one of the most common side effects of this drug. In 
February 2007, serum Ct was 824 pg/ml, CEA was 24 ng/ml, neck US was negative 
for lymph node metastases, and CT scan showed the stability of the microlesions of 
the lung.

From January 2007 to April 2010, no clinical, biochemical, and radiological 
findings of progression of MTC were observed; the diarrhea was under control with 
loperamide, and our patient had an acceptable quality of life. In October 2010, we 
found a slight increase of serum Ct and CEA with a relatively short and concerning 
doubling time (i.e., 1.4 year); the total body (TB) CT scan showed the presence of 
at least four mediastinal suspicious but subcentimeter lymph nodes and confirmed 
the stable lung microlesions. At this time, we decided upon a wait-and-see strategy, 
because of no evidence of significant radiological progression of the disease. The 
patient’s clinical status remained stable until November 2013, when a rising serum 
Ct value was observed, with a doubling time <0.5  years (i.e., 3797  pg/ml vs. 
1180 pg/ml of March 2013); similarly, an increase in CEA was found with a dou-
bling time of 1.4 years (65 ng/ml vs. 47 ng/ml of March 2013). The neck US revealed 
the presence of a new 11 mm lymph node in the right paratracheal area. The CT 
scan showed a new metastatic lymph node in the right hilum measuring 24 mm and 
a 116% increase of the largest diameter of a mediastinal lymph node (from 12 mm 
to 26 mm in 6 months). In this period, the diarrhea was no longer well controlled 
despite regular therapy with loperamide.

Because of clear progression of the disease, in July 2014, we decided to initiate 
therapy with the TKI vandetanib (which became available for prescription in our 
country in June 2014 with the commercial name Caprelsa) with a starting dose of 
300 mg daily. The severity of diarrhea immediately improved, but 6 weeks after the 
initiation of vandetanib, the patient developed a severe and extensive papular rash 
on the face, hands, and head (Fig. 37.2). This adverse event (AE) was considered to 
be grade 3 (i.e., very severe) and required the suspension of the TKI therapy until its 
complete resolution. In the meantime, topical and oral glucocorticoids, antihista-
mines, and antibiotics to prevent microbial superinfection were administered. After 
the resolution of this AE, we restarted vandetanib but at a reduced daily dose 
(100 mg daily).

On November 2014 (after 3 months of vandetanib therapy at 100 mg daily), the 
patient presented for follow-up in good clinical condition, without diarrhea or the 
need for antidiarrheal medication. His ECG showed a normal QTc interval, and 
serum electrolytes were in the normal range as were thyroid function tests after a 
levothyroxine dose adjustment performed in September 2014 because of an elevated 
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serum TSH. TB CT scan showed a slight reduction of the right paratracheal lymph 
node (10 mm vs. 11 mm) and a significant reduction of the lesions in the mediasti-
num (20 mm vs. 26 mm) and in the hilum (10 mm vs. 24 mm) (Fig.  37.3); the 
microlesions in the lung remained stable.

Fig. 37.2 The patient developed a severe erythroderma a few weeks after the start of the vande-
tanib therapy, mainly involving the sunlight-exposed areas of the body

Fig. 37.3 CT scan of the lung performed 6  months after the vandetanib treatment (Panel a) 
showed a significant reduction of the metastatic lesions and in particular of the lymph node of the 
hilum with respect to the CT scan performed before starting vandetanib (10 mm vs. 24 mm: −58%) 
(Panel b)

C. Giani et al.



341

After almost 6 years of therapy with vandetanib that maintained a substantial 
stable disease, new liver metastasis were found at the CT scan control, and a new 
target therapy (i.e., selpercatinib), almost specifically directed against RET altera-
tions, was started. The patient was included in an expanded access program, and 
after 3 months of therapy, the serum levels of Ct and CEA were 3 times lower and 
liver lesions significantly reduced (Fig. 37.4).

 Diagnosis/Assessment

This case offers the opportunity to discuss some issues related to the diagnosis and 
treatment of advanced and metastatic disease in MTC patients. It is known that 
MTC can be sporadic (80%) or familial (20%), and the latter condition can be iso-
lated (i.e., familial medullary thyroid cancer, FMTC) or associated with other endo-
crine neoplasia (i.e., multiple endocrine neoplasia type 2, MEN 2) [1]. In both cases, 
sporadic and familial, the pathogenesis of MTC is associated with the presence of a 
somatic or germline RET oncogene mutation, respectively [2]. This case had an 
apparently sporadic MTC without any familial history of MTC or any other associ-
ated endocrine neoplasia. However, RET mutational screening revealed a germline 
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RET Ser891Ala mutation consistent with familial MTC. This finding is not unex-
pected since 6–7% of apparently sporadic MTCs are positive for a RET germline 
mutation when the genetic screening is performed [3, 4]. The case illustrates the 
importance of performing RET genetic screening in all MTC cases, regardless of the 
clinical presentation. The finding of a germline RET mutation does not have any 
impact on the clinical management of the MTC of index case, but at variance, it is 
of great relevance for the first-degree relatives, who gain the knowledge of either 
having or not having the inherited RET mutation [5]. The RET-positive cases (i.e., 
gene carriers) require further investigation because they are at high risk of develop-
ing the MEN 2 syndrome. A prophylactic thyroidectomy potentially allows a defini-
tive cure of these individuals, who probably would have had the diagnosis made too 
late if the RET screening was not performed. The timing of thyroidectomy and the 
modalities of follow-up should be personalized according to the specific RET muta-
tion and the levels of serum Ct [6, 7].

 Management

As previously stated, the finding of a germline RET mutation does not change the 
therapeutic strategy of MTC for this patient, who has been managed according to 
the biochemical and imaging results obtained during his follow-up. The disease was 
not cured by the first surgery, but this is consistent with the evidence that when 
MTC is already extrathyroidal and associated to neck lymph node metastases, the 
possibility of a definitive cure is rare [8]. This is the rationale for making an early 
diagnosis of MTC, either by measuring serum Ct in patients with thyroid nodules 
[9] or performing RET screening in hereditary forms [10]. In 2006, the patient was 
enrolled in a clinical trial with motesanib because of the development of diarrhea, 
which is a common symptom in advanced MTC with very high levels of serum Ct. 
The clinical trial was of interest because motesanib was the first tyrosine kinase 
inhibitor (TKI) employed in thyroid cancer and in particular in MTC [11]. Tyrosine 
kinase inhibitors are multitargeted therapies, which mainly block the activation of 
vascular endothelial growth factor receptors (mainly type 2) but also interfere with 
the function of other tyrosine kinase receptors including, in some cases, the one 
coded by the RET oncogene. The patient had a clinical benefit from treatment, 
including full control of diarrhea, but unfortunately, a severe side effect such as the 
hydrops of the gallbladder required the discontinuation of the drug.

Thereafter, the patient was followed up for 7 years without any specific therapy, 
except for loperamide that was again necessary to control diarrhea. He went into an 
active surveillance with clinical and biochemical controls every 6–8 months. This is 
the strategy recommended by many experts since MTC is, in the majority of cases, 
a slowly progressive cancer, and systemic therapy with TKI should be initiated only 
when the disease is progressive according to RECIST, thus showing an increase of 
the metastatic target lesions of at least 20% over 12–14 months [12]. Changes in 
serum markers alone, such as Ct and CEA, are not indications to start TKI. However, 
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both serum Ct and CEA, and in particular their doubling times, are important to help 
define the schedule of follow-up visits and imaging [13].

Although it has been recently demonstrated that patients treated with vandetanib 
at younger age and for symptoms more than for progression are those with a longer 
progression-free survival time [14, 15], according to the experts’ opinions and 
RECIST, TKI therapy should be started when there are multiple metastases, larger 
than 2  cm and whose largest diameter has increased by more than 20% over 
12–14 months or less [16]. Therefore, in 2014, when the lung metastases and some 
lymph node metastases began to enlarge rapidly, we decided that it was time to 
begin therapy with another TKI. At that time, vandetanib had become available and 
had been demonstrated to significantly increase the time interval of progression-free 
survival and to reduce many of the symptoms related to the disease [17].

Unfortunately, vandetanib commonly causes severe cutaneous side effects 
mainly related to sun exposure, and although we informed the patient about this 
possible risk, he spent time in the sunlight. A few days later, he developed severe 
erythema (Fig. 37.2) that required the temporary suspension of the drug. The ery-
thema was treated with steroids and antihistamines; few weeks later, when the ery-
thema had almost completely resolved, the drug was restarted but at a lower daily 
dose (i.e., 100 mg/day). No side effects developed with this dose and the quality of 
life of our patient has been good. The control of side effects through the reduction 
of the daily dose or by using personalized protocols for drug administration is a vali-
dated method for managing patients on TKIs, since it has been demonstrated that 
they can continue to have a positive control on tumor growth even at lower doses [14].

Several other side effects can be caused by vandetanib, including hypertension, 
QTc interval prolongation, fatigue, anorexia, and diarrhea. Whenever possible, the 
introduction of specific drugs such as calcium channel blockers to control blood 
pressure or loperamide to control diarrhea can be effective and allow continued use 
of the TKI. At the present time, vandetanib (commercial name Caprelsa) and cabo-
zantinib (commercial name Cometriq), another multitarget TKI with the specificity 
to act against MET, in addition to RET and VEGFR, are the only drugs approved by 
the Food and Drug Administration (i.e., FDA) and European Medicines Agency 
(i.e., EMA) for the treatment of MTC. However, we know that after a median period 
of 14 months, almost all patients develop a kind of resistance to therapy, and the 
disease begins to progress. Fortunately, other TKIs that may stop MTC growth are 
currently under development and some are in clinical trials. Indeed, it has been 
shown that cabozantinib can be effective in patients who have been treated with 
other TKIs and developed progressive disease [18].

New selective RET inhibitors selpercatinib and pralsetinib are demonstrating 
high activities, greater response rates, and less severe toxicity profiles in early clini-
cal trials [19]. Selpercatinib inhibits wild-type RET and multiple mutated RET iso-
forms as well as VEGFR1, VEGFR3, and FGFR 1, 2. However, in cellular assays, 
selpercatinib inhibited RET at approximately 60-fold lower concentrations than 
FGFR and approximately 8-fold lower concentration than VEGFR. Thus, it can be 
considered RET specific. Recently selpercatinib has been approved with the name 
RETEMVO by Food and Drug Administration (FDA), specifically for people with 
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RET gene altered cancer [20]. Pralsetinib, is another investigational selective inhibi-
tor of RET fusions and mutations, recently showing very interesting results in the 
phase 1/2 ARROW study (NCT03037385) in patients with RET fusion or RET point 
mutated–positive solid tumors. Pralsetinib, mainly still known as BLUE-667, is 
under FDA evaluation for approval [21]. Both of them showed great clinical benefits 
in advanced MTC and other RET altered tumors both if naïve or previously treated 
with other TKI [22, 23].

 Outcome

The quality of life of our patient is, at the present, rather good: he can work and 
perform his usual practice physical activities. Diarrhea and erythema were both well 
controlled by reducing the daily dose of vandetanib that was continued until the 
evidence of clinical benefit. The escape phenomenon, due to the development of a 
resistance to the drug, commonly occurs with TKI treatment, regardless of tumor 
type. This is likely due to the method of action of TKIs, which are cytostatic and not 
cytotoxic drugs, and for this reason, surviving cells can develop resistance to the 
drug and then start to grow. Being cytostatic drugs, they should not be discontinued 
until there is evidence of disease progression. In some cases, if the progression is 
relatively limited, it could be clinically reasonable to continue the drug until the 
possibility of substitution with another drug. Both cabozantinib and the new selec-
tive drugs (i.e., selpercatinib and pralsetinib) are active also in patients previously 
treated with other TKIs who entered into progression after months or years of treat-
ment. This is a very confortable information since advanced MTC patients have, at 
this moment, at least three to four lines of possible successful treatment.

 Conclusions

MTCs that are already metastatic to the cervical nodes or extrathyroidal at the time 
of diagnosis have a low probability of cure with surgery alone. Patients can maintain 
a good quality of life, and the disease can grow rather slowly. However, when MTC 
metastases are multiple and rapidly growing, systemic therapy with a TKI should be 
considered. The management of patients with MTC who is receiving TKI therapy 
should be done in tertiary care centers where there is experience in managing the 
frequent side effects of these drugs that often are the major limitation to this type of 
therapy. When side effects interfere with the quality of life of patients, the best ini-
tial strategy is to reduce the daily dose of the drug before the side effect becomes too 
severe or, in the latter situation, to stop the treatment until the recovery, possibly 
without any unnecessary prolonged interruption, to restart with a lower dose. TKI 
should not be interrupted if there are no other therapeutic options; however, 
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nowadays, at least three to four different types of TKi, more or less selective, are 
available and can be used for the control of the disease.
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Chapter 38
Medical Treatment Decision-Making 
for Advanced Medullary Thyroid Cancer

Ramona Dadu and Mimi I. Hu

 Introduction

There are currently two multikinase inhibitors (MKIs) (vandetanib and cabozan-
tinib) approved by the US Food and Drug Administration (FDA) and the European 
Medicines Agency and one selective RET inhibitor (selpercatinib) approved by the 
FDA for the treatment of advanced, progressive, or symptomatic medullary thyroid 
cancer (MTC). The National Comprehensive Cancer Network Cancer Practice 
Guidelines for MTC recommends consideration of one of these three agents with 
unresectable disease that is symptomatic or structurally progressive [1]. The 
approval of these agents has created new opportunities and challenges for clinicians 
treating patients with advanced MTC, necessitating a rethinking of how to integrate 
these treatments into existing surgical and radiotherapeutic approaches to manage-
ment. A great deal of clinical judgment needs to be applied toward identifying 
which patients to treat and with which agent; providers should not treat patients 
with these agents simply because they are available.

An integration of these new agents into the management schema of MTC 
requires an understanding of the natural history of MTC. The detection of tumor 
markers, serum calcitonin (Ctn) and carcinoembryonic antigen (CEA), alerts the 
clinician of the presence of disease long before it may be clinically meaningful. As 
none of the current therapeutic approaches, other than surgical removal, is curative, 
it is important for the clinician to create a clear expectation that systemic therapy 
will be recommended only when there is a likelihood of benefit without added 
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harm, usually years or even decades after the first appearance of an abnormal tumor 
marker. Active surveillance, or the “watch-and-wait” approach, is an important 
component in the care of MTC patients as they can enjoy a good quality of life for 
many years without requiring systemic therapy. As available systemic therapies are 
not curative, have side effects (some of which can be fatal), are administered chron-
ically to control disease, and have not yet been shown to prolong overall survival, 
it is important to balance risk against benefit when considering initiating systemic 
therapy.

In contrast, patients with rapidly progressive and/or symptomatic disease or dis-
ease in areas that are potentially life threatening require a more aggressive approach. 
Treatment selection for these patients depends on the site of disease, tumor burden, 
and mutation status. Local therapy (such as surgical resection, radiotherapy, or 
embolization) could be employed when the disease burden is confined to one area 
and threatening quality of life or combined with systemic therapy when there is 
widespread, progressive disease. Understanding the molecular genetics of MTC 
may inform prognosis and the decision of systemic therapeutic approaches. A con-
stitutively activated RET receptor due to a germline or somatic RET mutation is 
seen in >60% of all MTC patients. Mutually exclusive RAS mutations occur in 
approximately 14% of patients [2].

The discussion in this chapter will use a case-based approach to understand-
ing the elements involved in medical decision-making for patients with 
advanced MTC.

 Case 1: Active Surveillance

A 57-year-old man presented at an outside institution with progressive back pain 
and was found to have a destructive bone lesion at the L3 spine. A laminectomy 
with excision identified metastatic MTC to the bone. Staging studies noted a 2.8 cm 
mass in the left lobe of the thyroid with left lateral cervical adenopathy and meta-
static lesions in the liver (up to 3.5 cm) but no pulmonary metastases; biopsies of the 
thyroid mass and a lymph node confirmed MTC. Baseline Ctn was 4723 pg/mL and 
CEA was 15.3 ng/mL. Germline RET was negative. The patient underwent external 
beam radiotherapy to the third lumbar surgical bed followed by total thyroidectomy, 
bilateral central lymph node dissection, and left level III and IV lateral neck dissec-
tion. His excised tumors were positive for RET M918T somatic mutation by next- 
generation sequencing (NGS) platform. Thereafter, active surveillance was 
recommended. After 9 years, the patient remains asymptomatic with no demon-
strable evidence of progression nor new lesions by periodic neck ultrasound and 
other imaging studies [Fig. 38.1]. Serum Ctn and CEA doubling times are 10.6 
years and 14.9 years, respectively [Fig. 38.2].
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 Active Surveillance for Progressive Disease

Evaluating serum tumor markers (Ctn and CEA) over time in conjunction with 
obtaining serial cross-sectional imaging is an effective and objective strategy for 
monitoring for progression of MTC. Serum Ctn is the primary biochemical marker 
used for postoperative surveillance and prediction of disease progression. CEA is a 
less specific biomarker for MTC but one whose magnitude can be useful in under-
standing the extent of disease and prognosis. Ctn and CEA doubling times correlate 

Fig. 38.1 Case #1: Stable liver metastases over 9 years demonstrated by high-resolution comput-
erized tomography (left panel: August 2010) and magnetic resonance imaging (right panel: January 
2020). Representative liver metastasis remains stable at 3.5 × 3.0 cm

07/26/2010 07/22/2011 07/17/2012 07/13/2013 07/10/2014

CEA (Trend All)

Calcitonin Lvl (Trend All)

07/06/2015 07/01/2016 06/27/2017 06/23/2018 06/19/2019 06/14/2020

07/26/2010

53.73

47.76

41.79

35.82

29.85

23.88

17.91

N
G
/M

L
P
G
/M

L

11.94

5.97

0

6182.4

5564.16

4945.92

4327.68

3709.44

3091.2

2472.96

1854.72

1236.48
618.24 8.39

0

3

07/22/2011 07/17/2012 07/13/2013 07/10/2014 07/06/2015 07/01/2016 06/27/2017 06/23/2018 06/19/2019 06/14/2020

Fig. 38.2 Case #1: Stable calcitonin levels over 9 years with a doubling time of 10.6 years with 
indolent progression of carcinoembryonic antigen with a doubling time of 14.9 years
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with rate of progression, recurrence, and survival [3]. Higher disease-specific sur-
vival and recurrence-free survival rates are associated with doubling times of over 1 
year, with the CEA doubling time having a higher predictive value. Importantly, 
doubling times can be used to guide the frequency of imaging studies. In patients 
with prolonged doubling times of over 1 year, the time between imaging studies can 
be lengthened to every 6–12 months, thus lowering the cost of observation and 
reducing the radiation exposure risks associated with frequent imaging studies.

A broad spectrum of imaging modalities can be used to detect metastatic disease. 
Ultrasound of the neck is the most sensitive technique for detection of thyroid bed 
or nodal recurrence. Areas not easily imaged by ultrasound, such as the retropharyn-
geal region or superior mediastinum, can be best imaged by computed tomography 
(CT) with contrast or magnetic resonance imaging (MRI). Fine-section spiral CT or 
MRI of the chest or abdomen with liver protocol is useful for detection of pulmo-
nary or hepatic metastasis. As case no. 1 clearly demonstrates, MTC has a predilec-
tion to metastasize to the bone. In a large retrospective study at a cancer institution, 
19% of MTC patients had bone metastases with 25% of these patients demonstrat-
ing the bone metastases within 3 months of MTC diagnosis [4]. The spine and pel-
vis were the most commonly involved locations (92% and 69%, respectively). In 
patients with metastatic MTC, it is important to perform periodic bone scans or 
MRI examination of the spine; however, the presence of a spinal metastasis in the 
absence of concern about neurologic compressive symptoms is not an indication for 
therapeutic intervention and may be observed. Although 18F-DOPA PET or a radio-
labeled somatostatin analog may be useful in identifying areas of progression when 
standard imaging studies are unrevealing in the setting of rising tumor markers, 
their usefulness for routine surveillance of MTC is unproven.

 Integration of Local Therapies into the Management 
of Progressive or Symptomatic Focal Metastases

Recurrent locoregional neck disease in the setting of distant metastases should be 
treated surgically if there is impending airway or other vital structural compromise. 
In selected cases, systemic therapy may be a consideration. For example, in a patient 
in whom the only surgical option for local airway involvement is total laryngec-
tomy, it may be appropriate to delay surgery and initiate a MKI with the hope that 
surgery (and loss of voice) can be delayed or the procedure can be modified by 
reducing the size/extent of the metastatic lesion. Surgical wound healing is impaired 
by currently available MKIs with antiangiogenic effects; thus, such therapy must be 
stopped approximately 11 days (for cabozantinib: half-life, 55 hours) and 12 weeks 
(for vandetanib: half-life, 19 days) before a surgical procedure to allow for adequate 
clearance. The RET inhibitors have relatively little anti-VEGFR activity and a very 
low risk for bleeding.
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It is unclear how targeted systemic therapy should be integrated with the use of 
external beam radiotherapy (EBRT). Prior to the availability of MKIs, EBRT was 
used postsurgically to control extensive nodal or soft tissue neck disease or bone 
metastases causing pain or neurologic deficit. Indeed, in a patient with localized but 
incurable disease, palliative EBRT may still be a useful adjuvant therapy, although 
there is no evidence for overall survival benefit. There is currently a bias (although 
there are no data supporting it) to defer EBRT to gross disease in the neck in the 
setting of other progressive, distant disease (and consequently, an indication for 
systemic therapy), given the risk of upper tracheoesophageal or tracheo-tumor fis-
tula formation with antiangiogenic therapy [5]. In patients with brain metastases, 
where there is an inherent risk for bleeding into the brain lesions during treatment 
with MKIs, it is recommended that these lesions be irradiated (EBRT or stereotactic 
radiosurgery) prior to initiation of MKIs. For this reason, brain imaging should be 
performed prior to proceeding with systemic therapy. It is important to balance the 
risks and benefits of EBRT and MKI systemic therapy versus watchful waiting.

Distant metastases limited to the lung that are indolent and asymptomatic can 
usually be followed with serial imaging. Pulmonary metastases can occasionally 
cause symptoms such as dyspnea, obstructive pneumonia, and hemoptysis. In 
selected patients with isolated or localized pulmonary metastases, surgical resection 
or radiotherapy may offer palliation. For patients with liver metastases that are pro-
gressive or symptomatic, trans-arterial chemoembolization or radioembolization 
can be considered [6].

Skeletal metastases of MTC are often clinically silent. Skeletal-related events 
(SREs) are defined as pain, spinal cord compression, or pathological fracture neces-
sitating external beam irradiation or surgery. It is extremely important to identify 
bone metastases and initiate palliative treatment modalities before SREs occur. 
EBRT, stereotactic radiotherapy, vertebroplasty, radiofrequency ablation, cryosur-
gery, and arterial embolization can be considered to palliate painful metastases or to 
prevent further progression that could lead to fracture or neurological compromise. 
Metastasectomy is sometimes performed if there is only one site of bone involve-
ment. Agents that inhibit osteoclast activity, such as bisphosphonates or denosumab, 
are used in patients with osteolytic bone metastases from several neoplasms (lung, 
breast, prostate, kidney, and multiple myeloma), and anecdotal experience supports 
their use in MTC.  Zoledronic acid (4 mg) or denosumab (120 mg) given at the 
approved monthly dosing schedule, in our experience, has been effective in reduc-
ing pain and progression of disease associated with bone metastases, although there 
have been no controlled trials of their use in patients with MTC. Although less fre-
quent dosing of these antiresorptive agents has not been evaluated formally for effi-
cacy in thyroid cancer patients, it is reasonable to surmise that less frequent dosing 
while maintaining suppression of bone turnover may be as effective in reducing 
SREs with less risk for side effects, such as osteonecrosis of the jaw. Little is known 
about the efficacy of MKIs or RET inhibitors in treating metastatic bone lesions. 
Bone lesions are not considered to be measurable targets; thus, bone metastases 
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were not assessed in clinical trials of vandetanib, cabozantinib, or RET inhibitors 
although there are some reports of response with these agents [7]. Clinical trials in 
patients with MTC and bone metastases are needed to evaluate which agents are 
effective.

 Case 2: Treating with a Systemic Agent and Management 
of Adverse Effects

A 32-year-old woman was diagnosed with sporadic medullary thyroid carcinoma at 
the age of 25 years. Prior to coming to our institution, she underwent total thyroid-
ectomy, left central lymph neck dissection, and superior mediastinal lymph node 
dissection followed by external beam radiotherapy to the left lower neck. Her post-
treatment Ctn was 81 pg/mL (preoperative >5000 pg/mL) and CEA was 2.2 ng/mL 
(preoperative 186 ng/mL). Serum Ctn and CEA levels progressed steadily over the 
next 3 years to 323 pg/mL and 59 ng/mL, respectively. Ultrasound of the neck iden-
tified a recurrent supraclavicular lymph node metastasis, and CT of the chest identi-
fied mediastinal adenopathy (2.4cm in right hilum, 2.9cm in subcarinal region) and 
subcentimeter lung metastases. CT of the abdomen with liver protocol was unre-
markable. Given the lack of prior imaging of the chest to understand progressive 
rate, the recommendation was for short-term surveillance for progression. 
Mutational testing on a 50-gene NGS platform on the originally resected thyroidec-
tomy specimen was positive for a somatic RET M918T mutation. Over the next 7 
months, her Ctn rose to 468 pg/mL and CEA to 165 ng/mL, correlating with asymp-
tomatic, progressive mediastinal lymph node metastases (4.3cm in right hilum, 
3.5cm in subcarinal region) and pulmonary metastases and new bone metastases in 
C2 and C3 vertebral body [Fig. 38.3a]. Systemic chemotherapy with vandetanib 
was favored over cabozantinib due to the patient’s history of neck irradiation, which 
led to a partial response after 9 months of therapy [Fig. 38.3b]. However, she devel-
oped progressive disease 26 months after being on vandetanib [Figs.. 38.3c and 

Before vandetanib 9 mos on vandetanib (PR) 26 mos on vandetanib (PD)

a cb

Fig. 38.3 Case #2: Right hilar (yellow circle) and subcarinal (yellow arrows) lymphadenopathy 
before vandetanib (panel A), on vandetanib for 9 months with partial response (PR) (panel B), and 
with progressive disease (PD) after 26 months on vandetanib (panel C)
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38.4a]. She had no significant adverse effects other than grade 1 acneiform rash and 
taste change altering her appetite. Due to the fact that she has a somatic RET muta-
tion, she was initiated on a phase I trial with a selective RET inhibitor and achieved 
a partial response of 41% reduction in target lesions after 12 months of therapy. She 
continues on treatment 27 months from initiation of the study drug [Fig. 38.4b]. She 
has not experienced any adverse effects with the RET inhibitor.

 Approved Agents for MTC: Cabozantinib, Vandetanib, 
and Selpercatinib

On the basis of two randomized, placebo-controlled phase III trials that demon-
strated efficacy (prolongation of progression-free survival), vandetanib and cabo-
zantinib are approved in the USA and Europe for the treatment of symptomatic or 
progressive MTC in patients with unresectable, locally advanced, or metastatic dis-
ease [8, 9]. The cabozantinib (EXAM) and vandetanib (ZETA) trials had some 
important differences [Table 38.1]. The most notable differences are the require-
ment for progressive disease within 14 months in the cabozantinib trial and the 
presence of a crossover design in the vandetanib trial, making it impossible to com-
pare outcomes in these two trials in any meaningful way.

Selpercatinib (LOXO-292) and pralsetinib (BLU-667) are potent, selective RET 
inhibitors that have been tested in phase I clinical trials since early 2016, both of 
which have additional activity against the gatekeeper RET V804 mutation. This 
gatekeeper mutation is known to lead to resistance to both cabozantinib and vande-
tanib in vitro [10–12]. Selpercatinib led to an objective response rate (ORR) of 56% 
(95% CI: 42, 70) in MTC patients previously treated with cabozantinib and/or 

Progressive disease
on vandetanib

Partial response with 16 months
of RET-inhibitor

a b

Fig. 38.4 Case #2: Right hilar (yellow circles) and subcarinal (yellow arrows) lymphadenopathy 
at progression on vandetanib (panel A) and with partial response after 16 months on a selective 
RET inhibitor (panel B)
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vandetanib and 59% (95% CI: 47, 70) in treatment-naïve patients [ (13)]. Pralsetinib 
led to an ORR of 56% (95% CI: 38, 74) in MTC patient previously treated with 
cabozantinib and/or vandetanib and 63% (95% CI: 35, 85) in treatment-naïve 
patients [14]. Responses were long in duration and occurred regardless of specific 
germline and somatic RET mutation, even in patients with the gatekeeper RET V804 
mutation. With these encouraging findings, selpercatinib received accelerated 
approval by the US FDA on May 8, 2020. Pralsetinib is undergoing evaluation by 
the FDA and will likely receive approval as well later in 2020. Notably, two addi-
tional RET inhibitors (TPX-0046 and BOS172738) are also currently in phase I 
clinical trials [15, 16]. TPX-0046, a RET and SRC inhibitor, has a potential added 
benefit in that it has activity against the solvent front mutation RET G810R, which 
has been associated with resistance to MKIs and other selective RET inhibitors 
under investigation [15] [17].

The timing to initiate therapy varies greatly among physicians and practices. 
However, the recommended indications for initiation of systemic chemotherapy 
include [18]:

 1. Progressive (based on RECIST – Response Evaluation Criteria in Solid Tumors) 
[19] and clinically significant disease. Most clinical trials in thyroid cancer 
require progression within 12–14 months in order to qualify for enrollment in a 
trial, and therefore this is the standard most centers use for initiating systemic 
therapy in asymptomatic patients.

 2. Symptomatic metastatic disease that cannot be treated with local or symptom- 
specific therapies such as surgery, radiotherapy, embolization, cryoablation, or 
diarrhea management.

 3. Bulky disease that compromises organ function and cannot be managed with 
localized therapies.

Table 38.1 Phase III trials for cabozantinib and vandetanib in patients with MTC

Cabozantinib phase III (EXAM) Vandetanib phase III (ZETA)

Patients
Cabozantinib
N = 219

Placebo
N = 111

Vandetanib
N = 231

Placebo
N = 100

Inclusion criteria Documented RECIST 
progression within 14 months of 
enrollment

Locally advanced or metastatic disease 
and serum Ct ≥ 500 pg/mL, with no 
requirement for progression

Crossover design 
with progression 
during trial

Not allowed Allowed

Median PFS 11.2 months 4.0 
months

Not reached (estimated 30.5 
months)

19.3 
months

OS Immature analysis
44 % died at PFS cutoff

Immature analysis
15 % died at PFS cutoff

Objective response 
rates

28 % 0 % 45 % 13 %a

aTwelve of the thirteen responses observed in patients randomized to the placebo group occurred 
while the patients were receiving open-label vandetanib
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In selected cases, additional consideration for systemic therapy includes:

 1. Calcitonin doubling time of less than 6 months and structural evidence of clini-
cally significant disease that cannot be treated with local therapies. Rising tumor 
markers alone are not sufficient to demonstrate progression and warrant initiat-
ing systemic therapy [1].

 2. Severe, intractable MTC-related diarrhea or Cushing’s syndrome and lack of 
efficacy of other medical treatments and presence of structural and clinically 
significant disease.

 Adverse Events Associated with Approved Agents

Compared with cytotoxic chemotherapeutic agents, the adverse events (AEs) asso-
ciated with MKIs are generally manageable in the setting of a clinical trial or in the 
hands of physicians familiar with the toxicity profile of each MKI. Some AEs are 
serious or can cause a worsening of a patient’s quality of life; therefore, it is 
extremely important to apply an individualized, patient-centered approach concern-
ing when to initiate a systemic therapeutic agent and which drug to use [18]. While 
patients with progressive metastatic disease may benefit from the treatment, poten-
tial serious AEs of these drugs may outweigh the benefits in patients with indolent 
or stable disease. The RET inhibitors have a more favorable and tolerable side effect 
profile due to the potent selectivity for the RET receptor with relatively low or no 
inhibition of VEGFR or other kinase receptors.

Before starting treatment with vandetanib, cabozantinib, or selpercatinib, all 
patients should sign an informed consent after describing the common and serious 
AEs, symptoms of serious AEs, and the expected efficacy with medical therapy. 
Baseline symptoms should be assessed prior to initiation of treatment with docu-
mentation of new and/or ongoing AEs throughout the treatment period [20]. The 
assessment and grading of each AE is performed at each visit using the Common 
Terminology Criteria for Adverse Events version 4.0 (CTCAE v4.0) [21]. 
Additionally, the Eastern Cooperative Oncology Group (ECOG) performance status 
(an assessment of general well-being) should be noted and be used as a basis for 
whether a patient can be safely treated with a proposed treatment or whether dose 
adjustment is necessary [22].

MKIs are associated with numerous side effects due to the variety of targeted 
kinase receptors, including skin effects (palmar-plantar erythrodysesthesia, photo-
sensitivity, or acne), mucositis, taste alteration, hypertension, diarrhea, nausea, 
decreased appetite, weight loss, fatigue, and uncontrolled hypothyroidism. 
Vandetanib is associated with QTc prolongation in 14% of treated patients. 
Cabozantinib leads to a higher risk for hemorrhage, venous thrombosis, intestinal 
perforation, and fistula formation as it is a more potent inhibitor of VEGFR-2 than 
vandetanib. Patient quality of life, compliance, and optimal response to drug ther-
apy can all be limited without implementation of preventative strategies and 
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aggressive management of AEs. The management of AEs associated with MKIs 
used for metastatic thyroid cancer is complex and beyond the scope of this article; 
it has been well described elsewhere [23].

The RET inhibitors generally had low-grade and reversible AEs. Selpercatinib 
led to dry mouth, diarrhea, hypertension, and increased liver transaminases in ≥15% 
of patients, with most being grade 1 or 2 [13]. Only 1.7% of all cancer patients 
treated (n = 531) with selpercatinib discontinued therapy due to a treatment-related 
AE. Pralsetinib was associated with hypertension, neutropenia, constipation, and 
leukopenia in ≥15% of patients with no grade 4 or 5 AEs [14]. Across the entire 
study, 4% discontinued drug due to a treatment-related toxicity.

 Choosing a Therapeutic Agent Based on Adverse Event Risk 
Rather than Efficacy

The MKIs and RET inhibitors have established efficacy in patients with extensive 
MTC. At present, there are no efficacy data favoring one over another agent. A great 
deal of clinical judgment needs to be applied when deciding which drug to initiate. 
However, it is certainly clear now that mutational testing for somatic mutations, if 
the germline testing is negative, is warranted in patients with metastatic disease to 
determine if there is a targetable RET mutation. The most recent NCCN guidelines 
for thyroid cancer has incorporated the recommendation for somatic mutation test-
ing in appropriate MTC patients [1]. If the patient has a germline or somatic RET 
mutation and radiologic progressive disease, a selective RET inhibitor would be the 
favored choice due to the high efficacy seen in phase I trials and the lack of signifi-
cant AEs. If there is no RET mutation, then one would choose from one of the MKIs 
available or referral to an appropriate clinical trial [Fig. 38.5].

NGS mutation
testing on tumor

RET-positive

RAS-positive

RET/RAS WT

RET-inhibitor

Cabozantinib
Vandetanib

Cabozantinib
Vandetanib

Fig. 38.5 Treatment algorithm based on mutation profile in advanced, progressive MTC. NGS 
next-generation sequencing; WT wild type
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A systematic and patient-centered approach for deciding which MKI to choose 
first was recently developed by our group [18]. This takes into account multiple fac-
tors including patient medical history, physical examination findings, baseline labo-
ratory data, electrocardiogram, concomitant medications, and extension of tumor to 
surrounding tissues. From this evaluation, it is possible to assess the impact of a 
particular drug-related side effect for the individual patient. For example, a patient 
with a history of long QT syndrome or treatment with medications known to pro-
long the QT interval would be best treated with cabozantinib. On the other hand, a 
patient with a history of peptic ulcer disease, diverticulitis, or tumoral encroachment 
or invasion into the trachea/esophagus/major vascular structures might be better 
treated with vandetanib.

Finally, if a patient develops progression on systemic treatment, it is recom-
mended to biopsy a progressing lesion to evaluate for emergent mutations convey-
ing resistance, such as a gatekeeper or solvent front RET mutation or a RAS bypass 
mutation [17] [24].
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Clinical Pearls
• The majority of patients with residual MTC, after standard treatment with 

surgical resection, have indolent disease and can be actively monitored for 
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Chapter 39
Screening Leading to Diagnosis of C cell 
Hyperplasia

Giuseppe Costante

 Introduction

The neoplastic proliferation of calcitonin (CT)-secreting thyroid parafollicular cells 
(C cells), broadly defined C cell disease, includes medullary thyroid carcinoma 
(MTC) and C cell hyperplasia (CCH) [1]. Both MTC and CCH are usually associ-
ated with increased circulating CT levels and may occur in sporadic or hereditary 
forms [2, 3].

MTCs represent approximately 4–10% of all thyroid malignancies [2–4]. 
Seventy-five percent of them are sporadic [2–4], while 25% are hereditary tumors 
[2–4], associated with specific germline mutations of the REarranged during 
Transfection (RET) proto-oncogene [2–4].

CCH with cytologic and/or nuclear features of atypia was initially described as a 
lesion associated with familial MTC and multiple endocrine neoplasia (MEN) type 
2A and 2B [1–4] and is considered a C cell carcinoma in situ [3]. CCH histologi-
cally similar to that occurring in hereditary MTC may be observed in individual 
cases of chronic lymphocytic thyroiditis [3]. Moreover, up to 33% of thyroids from 
normal subjects (15% in women and 41% in men) may fulfill the histologic criteria 
of CCH [2, 4], but the exact significance of this sporadic form is unclear, and its 
progression to MTC has never been demonstrated.

CT determination in the washout fluid of the nodule could represent a promising 
preoperative ancillary procedure for MTC diagnosis, but the reference range and the 
appropriate international standards are not precisely defined.
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 Case Presentation

A 37-year-old woman presented an incidental (13.8×15.7×20.1 mm) ultrasono-
graphically suspicious (solid, hypoechoic nodule with regular margins; classified as 
intermediate suspicion by the 2015 American Thyroid Association guidelines) nod-
ule in the right thyroid lobe. Serum TSH was 1.2 mU/l, and anti-TPO antibodies 
were absent. US-guided fine-needle aspiration biopsy (FNAB) repeatedly yielded 
insufficient cytology (Class 1 of the Bethesda classification system). Basal calcito-
nin (CT) was 21 pg/ml (n.v. <10 pg/ml), with increased response to 84 pg/ml (n.v. 
<71 pg/ml) after Ca2+ stimulation.

Due to inconclusive cytology and CT provocative test indicating C cell disease, 
the patient was submitted to total thyroidectomy. Surgical pathology showed nodu-
lar thyroid hyperplasia, and immunohistochemistry showed low-power microscopic 
fields containing at least 50 C cells, consistent with CCH. L-thyroxine replacement 
therapy was immediately started. Three months after thyroidectomy, the patient was 
euthyroid, the serum TSH was 1.2 mU/l, and the basal CT levels were undetectable. 
The patient is presently in good health.

 Case Discussion

Preoperative diagnosis of nonhereditary C cell disease is challenging. CCH, in fact, 
can only be diagnosed at surgical pathology. MTCs usually present as thyroid nod-
ules [2–4], and cytology displays poor sensitivity (< 50%) for preoperative MTC 
diagnosis [2, 4, 5].

Being CT specifically secreted by C cells, its circulating levels usually rise to a 
limited extent in CCH and sharply increase in MTCs, paralleling disease progres-
sion [2, 4]. It is worth recalling, however, that interfering factors such as hetero-
philic antibodies or high-molecular-weight aggregates (macrocalcitonin) may 
determine falsely elevated circulating CT levels [4]. Several pathological conditions 
and pharmacological agents (Table 39.1) may also cause increased serum CT levels 
[2, 4]. The role of thyroid autoimmunity is controversial, with elevated or decreased 
[2, 4] serum CT concentrations, or even comparable to those found in control sub-
jects [2, 4]. Greatly increased serum CT levels can occasionally be observed in 
patients with neuroendocrine tumors (Table 39.1), such as gastrointestinal, small 
and large cell lung cancers [2–4]. In all such instances, a confirmatory stimulation 
test can improve the diagnostic specificity of CT measurement [2, 4].

Classically, pentagastrin was the most used CT provocative test [2–4]. Due to PG 
unavailability, a short intravenous Ca2+ infusion nowadays represents an effective 
alternative [2, 3, 6], providing results comparable to pentagastrin stimulation, in 
both normal subjects and C cell disease patients [2, 3, 6]. The procedure consists in 
the injection of a 25 mg calcium gluconate [i.e., 2.3 mg or 0.12 mEq of elemental 
calcium/kg body weight during a minimum 3 minutes infusion time (5 ml/min)] and 
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determination of serum CT in basal conditions, 2, 5, and 10 minutes after stopping 
the infusion [6]. The stimulated CT peak is <10 pg/ml in approximately 80% of 
normal subjects, with a maximal response <30 pg/ml in 95% of normals [4]. 
Notably, more limited CT increase (0 to 2-fold rise) occurs in other neuroendocrine 
tumors [2–4]. The optimal reported CT cutoff values for considering thyroidectomy 
were >79 pg/ml for female and >544 pg/ml for male subjects [6].

Due to MTC poor prognosis in classical series, systematic CT measurement has 
been advocated in thyroid nodular disease patients, for early diagnosis and better 
outcome [2, 4]. Overall, the diagnostic sensitivity of circulating CT for C cell dis-
ease approximated 100% [2, 4], with an important proportion of false positives. 
Thus, the positive predictive value (PPV) was low (10–40%), even after excluding 
all known causes of spurious CT elevation [2, 4]. Additionally, the frequency of 
isolated CCH resulted high (30–75%) [2, 4]. Concerning MTC, the PPV was 100% 
only for CT values >100 pg/ml [7], leading the American Thyroid Association to 
recommend this cutoff as highly suspicious [8]. For basal CT increases <100 pg/ml, 
the PPV for MTC diagnosis dropped to approximately 10% [2, 4], and a stimulation 
test was necessary for improving sensitivity and specificity [2, 4], with a wide varia-
tion among studies in terms of both basal CT cutoff levels (5–20 pg/ml) for per-
forming provocative tests and CT peaks (30–1,000 pg/ml) considered diagnostic for 
MTC [2, 4]. Indeed, the universal CT screening in thyroid nodular disease patients 
has not been endorsed by most scientific societies [9].

Table 39.1 Causes of spurious elevations of serum calcitonin

Assay interference
  Heterophilic antibodies
  Macrocalcitonin
Pathological conditions
  Neoplastic
   Small-cell lung carcinoma
   Breast cancer
   Neuroendocrine tumors of the lung or gastrointestinal tract
   Zollinger’s syndrome
   Follicular thyroid tumors
   Papillary thyroid micro-carcinoma
  Nonneoplastic
   Chronic renal failure
   Autoimmune thyroiditis (debated)
   Pernicious anemia
   Pancreatitis
   Hyperparathyroidism
   Nonneoplastic hypergastrinemia
   Mastocytosis
   Type 1A pseudohypoparathyroidism
   Sepsis
Pharmacological agents
   Proton-pump inhibitors
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In the present case, the US findings were suspicious, FNAB was inconclusive, 
and both basal and Ca2+ stimulated CT levels were consistent with C cell disease. 
Thus, histological verification was advised, indicating benign thyroid nodule and 
sporadic CCH.

Should sporadic CCH be considered a false positive in the CT screening of thy-
roid nodules? Unless future studies will provide evidence that it actually represents 
a precancerous lesion evolving to MTC, surgery would not be required in such 
patients. Indeed, CCH frequency in screening studies was 0.12–1.56% [2], account-
ing for 30–75% of the cases with basal CT levels between 20 and 100 pg/ml and 
positive CT stimulation test [2, 4]. Thus, distinguishing preoperatively CCH from 
MTC could avoid unnecessary surgery. In this perspective, the amplitude of the CT 
peak at provocative testing could also help, with different cutoff values proposed by 
different reports [2, 4]. Particularly, one study found an 80% PPV for CCH in case 
of PG-stimulated CT peak 100–1000 pg/ml and a 100% PPV for MTC for response 
>1000 pg/ml [7]. Another study defined a cutoff of CT peak at 275 pg/ml, reporting 
a 100% PPV for MTC above this cutoff and an 89 % PPV for CCH in case of posi-
tive stimulated CT response <275 pg/ml [10].

Future studies should define the threshold windows of peak CT levels differenti-
ating MTC from CCH, using Ca2+ stimulation. A promising preoperative ancillary 
procedure could be CT determination in the washout fluid of the nodule (FNAB-CT), 
with a reported sensitivity for MTC diagnosis of 80–100% [4]. Nonetheless, the 
exact reference range for FNAB-CT levels in relation to C cell density in normal 
thyroid tissue, as well as international standards for CT measurement in biological 
fluids other than serum, needs to be precisely defined.
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• CCH does not represent a precancerous condition in the nonfamilial 
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• Preoperative differentiation between MTC and CCH is often difficult, even 

after provocative testing (e.g., calcium stimulation).
• There is insufficient evidence supporting systematic calcitonin screening 

in the initial management of thyroid nodular disease patients.
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Chapter 40
Increased Basal Calcitonin in Nodular 
Goiter: Is It Micromedullary Thyroid 
Cancer?

Andreas Machens and Henning Dralle

 Case Presentation

A 64-year-old woman with a 17-year history of thyroid nodules was referred with 
elevated basal calcitonin serum levels for a second opinion regarding the need for 
thyroidectomy.

 Evaluation for Surgery

Eight years and eight months before referral, outside thyroid ultrasonography had 
identified a 22 × 13 mm hypoechoic nodule in the left lobe, for which the patient 
had been placed on a daily levothyroxine dose of 75 μg to suppress serum TSH.

Five months before referral, the left lobe hypoechoic nodule, measuring 
28  ×  12  mm, appeared hypofunctional on thyroid scintigraphy carried out else-
where. Thyroid ultrasonography at that hospital disclosed two additional 3 and 
5 mm nodules in an otherwise normal-appearing thyroid gland. The patient’s basal 
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calcitonin serum level was slightly elevated: 15.2  pg/mL (unspecified calcitonin 
assay; upper normal limit, 11.8 pg/mL).

One month before referral, high-resolution thyroid ultrasonography at the same 
facility uncovered, apart from the large left nodule (now measuring 26 × 16 mm), 
two hypoechoic nodules in the left lobe, measuring 10  ×  6  mm and 7  ×  4  mm, 
respectively, and a 3  ×  1  mm hypoechoic, calcified nodule in the right lobe. 
Ultrasound-guided fine-needle aspiration of the large left nodule yielded a cytologi-
cal diagnosis of follicular neoplasia (Bethesda class IV). Using a more sensitive 
calcitonin assay (IMMULITE 2000, Diagnostic Products Corporation, USA; nor-
mal upper limit <5 pg/mL), serum calcitonin was 25 pg/mL basally and peaking at 
256 pg/mL 2 min after intravenous stimulation with 0.5 μg of pentagastrin per kilo-
gram body weight. Carcinoembryonic antigen serum levels were normal (1.6 and 
1.5 μg/L; upper normal limit <5.0 μg/L).

Upon first presentation to our institution, calcitonin serum level was 16.5 pg/mL 
basally and peaked at 194 pg/mL 5 min (IMMULITE 2000, Diagnostic Products 
Corporation, USA; normal upper limit <5 pg/mL) after intravenous stimulation at 
10 mL/min with 2.5 mg of calcium gluconate per kg body weight. Repeat ultraso-
nography confirmed the cytologically indeterminate left hypoechoic nodule at 
25 × 16 mm (Fig.  40.1) and the small right calcified nodule measuring 4.8 mm 
(Fig. 40.2).

Fig. 40.1 Ultrasound of 
the left thyroid lobe 
showing a hypoechoic 
nodule 25 × 16 mm in size
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 Assessment and Literature Review

 Is It Medullary Thyroid Cancer?

Calcitonin is an important predictive biomarker useful for diagnosis and follow-up 
of medullary thyroid cancer, which affects 0.3–1.4% of patients with thyroid nod-
ules [1–4]. Medullary thyroid cancer, also called C cell cancer, synthesizes and 
secretes calcitonin proportional to overall tumor mass into the bloodstream. In the 
setting of nodular thyroid disease, an elevated basal calcitonin ≤ 100 pg/mL can 
pose a diagnostic dilemma that becomes more problematic as the serum calcitonin 
levels move lower and lower. In fact, calcitonin secretion is moderately influenced 
by cigarette smoking, proton-pump inhibitors, chronic renal failure, pernicious ane-
mia, Zollinger-Ellison syndrome, and pancreatitis. Because male thyroid glands 
contain larger numbers of parafollicular C cells than female thyroids, men have 
higher serum calcitonin levels. Thus, there are gender-specific basal calcitonin 
thresholds for thyroidectomy: 20 pg/mL for women (positive predictive value, PPV 
88%) and 80–100 pg/mL for men (PPV 100%) [5]. Corresponding absolute calcito-
nin thresholds after stimulation with pentagastrin are 250 pg/mL for women and 
500 pg/mL for men (PPV 100% each) [5]. Interestingly, our patient’s calcitonin 
serum levels, ranging from 15.2 pg/mL to 25 pg/mL basally depending on the assay 
and reaching 256 pg/mL after stimulation with pentagastrin, crossed the absolute 
calcitonin thresholds for women of 20 pg/mL basally and 250 pg/mL after stimula-
tion with pentagastrin by a narrow margin. Although it may be a more suitable 

Fig. 40.2 Ultrasound of 
the right thyroid lobe 
showing a small calcified 
nodule 4.8 mm in size
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provocative agent than calcium, pentagastrin has been unavailable since 2005  in 
many countries, including the USA. In the era of more sensitive immunochemilumi-
nometric calcitonin assays, the need for provocative testing is dwindling. Although 
calcium stimulation tests have been used for differential diagnosis in patients with 
moderately elevated serum calcitonin levels [6], cutoffs are less well defined, which 
can make interpretation of tests results challenging. It is noteworthy that our patient 
required thyroid surgery for the cytological diagnosis of follicular neoplasia from 
the indeterminate left nodule, which is what prompted calcitonin screening in the 
first place.

 If It Is Medullary Thyroid Cancer, Will It Be Confined 
to the Thyroid Gland?

The diagnosis of sporadic medullary thyroid cancer raises the question of whether 
the tumor is limited to the thyroid gland or has already spread beyond the thyroid 
capsule. On preoperative neck ultrasonography, more than one-third of patients with 
MTC have false-negative findings [7]. This is why basal calcitonin serum levels 
provide important clues as to the presence of occult lymph node metastases [8].

The overall risk of lymph node metastases is estimated at:

• 0%—when basal calcitonin is ≤20 pg/mL
• 11%—when basal calcitonin is 20.1–50 pg/mL
• 17%—when basal calcitonin is 50.1–100 pg/mL
• 35%—when basal calcitonin is 100.1–200 pg/mL

Lymph node metastases begin to appear in the:

• Ipsilateral central and lateral neck—when basal calcitonin exceeds 20 pg/mL
• Contralateral central neck—when basal calcitonin exceeds 50 pg/mL
• Contralateral lateral neck—when basal calcitonin exceeds 200 pg/mL

Absent clinical and ultrasonographic evidence of suspicious lymph nodes, the 
patient’s most recent basal calcitonin of 16.5 pg/mL argued against the presence of 
lymph node metastases.

 If Basal Calcitonin Fails to Normalize, Will Reoperation 
Be Worthwhile for Minimal Disease?

Calcitonin levels typically normalize within 1 week and within a fortnight in those 
with node-positive MTC and preoperative calcitonin levels of 500.1–1000 pg/ml. 
With node-positive MTC and preoperative calcitonin levels exceeding 1000 pg/ml, 
and with more than ten nodal metastases, calcitonin normalization takes longer [9].
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The prospect of biochemical cure after a second neck operation is contingent on 
the residual basal calcitonin level, as long as no more than five lymph node metas-
tases were removed at the initial operation [10]:

• 75–77% for a residual basal calcitonin <10 pg/mL
• 35–36% for a residual basal calcitonin of 10.1–100 pg/mL

The pros and cons of reoperation in a scarred neck (high chance of definitive cure 
versus expectant observation of minimal residual disease) need to be detailed to the 
patient. Reoperations in a scarred neck, as a matter of principle, should not be 
embarked on outside specialist centers to keep surgical morbidity to a minimum. 
The one-time cost of reaching a definitive cure and the cost of daily levothyroxine 
supplementation may be smaller from a societal perspective than the need for con-
tinual biochemical follow-up and imaging studies, some of which may prompt addi-
tional operations at incremental costs [5].

 Management of the Case

After informed consent, the patient opted for thyroidectomy under intraoperative 
nerve monitoring as a minimum procedure, with possible lymph node dissection 
depending on intraoperative evidence of nodal disease. Inside the dorsal portion of 
the right lobe, a small firm nodule was noted. The central neck was explored for 
suspicious nodes but none were found, as to be expected with a basal calcitonin 
level ≤ 20 pg/mL, so that no neck dissection was performed.

Histopathological examination revealed a 15 mm follicular adenoma in the left 
lobe and a 5 mm medullary thyroid cancer surrounded by normal thyroid paren-
chyma in the absence of C cell hyperplasia.

The patient made an uneventful recovery. Video laryngoscopy confirmed normal 
vocal cord function after the operation. On the second postoperative day, basal and 
calcium gluconate-stimulated calcitonin levels were below the assay detection limit 
(<2 pg/mL; IMMULITE 2000, Diagnostic Products Corporation, USA) reflecting 
biochemical cure. Follow-up examinations 4 weeks later showed normal parathy-
roid hormone serum levels, whereas serum calcitonin remained below the assay 
detection limit.

RET (rearranged during transfection) screening (exons 5, 8, 10, 11, 13, 14, 15, 
and 16) was negative, excluding hereditary medullary thyroid cancer with a proba-
bility of 99%.

 Importance of Identifying Occult Medullary Thyroid Cancer

For any medical intervention, there is a continuum of benefit vs. harm. The net ben-
efit of surgical intervention for medullary thyroid microcarcinoma is a continuous 
function of the following:
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• Risk of morbidity if left untreated (the risk of which is unknown)
• The relative risk reduction of treatment (surgical cure, likely to be high)
• The risk of harm from the treatment (surgical morbidity, likely to be low in 

expert hands)

Sporadic micromedullary thyroid cancer is found pathologically in 0.3–0.4% of 
patients with nodular thyroid disease [2]. In the absence of good natural history 
data, it is important to note the close relationships between primary tumor diameter 
[11] and the following:

• Preoperative basal calcitonin serum levels: means of 136.5 pg/mL (≤2 mm) to 
926.0 pg/mL (9–10 mm)

• The rates of lymph node metastases: from 13% (≤2 mm) to 43% (9–10 mm)
• The biochemical cure rate: from 85% (≤2 mm) to 77% (9–10 mm)

Although cancer-specific death is extremely uncommon, as many as 24% of 
patients harboring micromedullary thyroid cancer are not biochemically cured, per-
haps reflecting locally metastatic or systemic disease [11].

Owing to the lack of long-term follow-up data, the same body of scientific evi-
dence has led to different conclusions. In Europe, the Thyroid Section of the German 
Society for Endocrinology in 2004 [12] and the European Thyroid Association in 
2006 [13] started supporting calcitonin screening in patients with nodular thyroid 
disease. In a decision model developed for a hypothetical group of adult patients 
presenting for evaluation of thyroid nodules in the USA, serum calcitonin screen-
ing, which is sensitive to age and gender, appeared to be cost-effective in patients 
undergoing evaluation for thyroid nodules [14]. The American Thyroid Association, 
raising concerns of cost-effectiveness and unproven benefit, advises neither for nor 
against calcitonin screening [4, 15].

Despite these professional disagreements, a strong consensus exists to actively 
detect and, in most cases, to resect involved nodes [2].

Clinical Pearls/Pitfalls
• Gender-specific basal calcitonin thresholds for sporadic medullary thyroid 

cancer are 20 pg/mL for women and 80–100 pg/mL for men.
• Lymph node metastases begin to appear in the ipsilateral central and lateral 

neck when basal calcitonin exceeds 20 pg/mL, in the contralateral central 
neck when basal calcitonin exceeds 50 pg/mL, and in the contralateral lat-
eral neck when basal calcitonin exceeds 200 pg/mL.

• In sporadic micromedullary thyroid cancer, there are significant relation-
ships between primary tumor diameter and (1) preoperative basal calcito-
nin serum levels (means of 136.5–926.0 pg/mL), (2) the rates of lymph 
node metastases (from 13 to 43%), and (3) biochemical cure rates 
(85–77%).
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Chapter 41
Timing and Extent of Surgery 
for a Pediatric Patient with Hereditary 
MTC and Positive Screening for the  
p.S891A RET Mutation

Henning Dralle and Andreas Machens

 Case Presentation

A 17-year-old male non-index patient (patient 3.1.2; Table  41.1, Fig.  41.1) was 
referred for surgical intervention with positive screening for the p.S891A RET 
mutation, which had been prompted by a positive RET gene test in his father (index 
patient 2.1; Fig. 41.1) after outside surgery for medullary thyroid cancer (MTC). 
Familial screening uncovered eight additional gene carriers.

 Evaluation for Surgery

On stimulation with pentagastrin, the adolescent carrier’s  calcitonin serum levels 
rose from 24 pg/mL basally (upper normal limit <8.4 pg/mL; Immulite 2000 assay, 
Diagnostic Products Corp., Los Angeles, CA) to a peak level of 510 pg/mL after 
5 min (patient 3.1.2; Table 41.1, Fig. 41.1). Physical examination of the thyroid 
gland and high-resolution neck ultrasonography were negative. Thyroid examina-
tion of the other eight non-index patients, including ultrasonography, identified 
multinodular goiter disease without evidence of lymph node metastases in the 
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78-year-old grandmother (patient 1.1) and a suspicious small hypoechoic lesion in 
her 46-year-old son (patient 2.3) (Fig.  41.2). With the exception of two 5- and 
8-year-old children (patients 3.2.1 and 3.1.3), all non-index patients exhibited ele-
vated basal calcitonin levels. All family members who had a pentagastrin stimula-
tion test performed showed peak calcitonin levels markedly increased over baseline 
(Table 41.1). None of the eight non-index patients had biochemical or imaging evi-
dence for adrenal medullary or parathyroid disease.

 Assessment and Literature Review

The RET proto-oncogene encodes a single-pass transmembrane receptor of the tyro-
sine kinase family. RET germline mutations cause hereditary MTC, pheochromocy-
toma, and primary hyperparathyroidism to different degrees. They have an autosomal 
dominant transmission: over 100 mutations, duplications, insertions, or deletions 

Table 41.1 Clinical histopathological characteristics of all eight non-index patients carrying the 
p.S891A RET mutation

Patient no., 
gender, age 
(years)

Preoperative 
calcitonin 
(pg/mL) Extent of 

surgery Histopathology; pTNM

Postoperative 
calcitonin (pg/
mL)

Basal Peak Basal Peak

1.1; f; 78 312 2634 TT, LND 
central and 
lateral

Bilateral MTC (10 mm, 11 mm); 
1/45 LNM; pT1bpN1aM0

7 48

2.3; m; 46 60 nd TT, LND 
central and 
lateral

Bilateral MTC (3 mm, 5 mm), 
unilateral PTC (1 mm); 0/31 
LNM; pT1apN0M0

<2 <2

3.1.2; m; 17 24 510 TT, LND 
central

Bilateral MTC (3 mm, 3 mm), 
0/7 LNM; pT1apN0M0

<2 <2

3.2.4; f; 10 9 27 TT Bilateral CCH, no MTC, 0/1 
LNM

<2 <2

3.1.3; m; 8 4 79 TT No CCH, no MTC; 0/1 LNM <2 <2
3.2.3; m; 8 9 nd TT Bilateral CCH, no MTC <2 <2
3.2.2; m; 6 9 57 TT Bilateral CCH, no MTC, 0/1 

LNM
<2 <2

3.2.1; f; 5 3 nd TT Bilateral CCH, no MTC, 0/1 
LNM

<2 <2

Patient numbers are the same as in Fig. 41.1. The calcitonin assay’s upper normal limit was <5.0 
pg/mL for women and <8.4 for men (Immulite 2000 assay, Diagnostic Products Corp., Los 
Angeles, CA)
pTNM according to Amin et al. [13]
TT total thyroidectomy, LND lymph node dissection, CCH C cell hyperplasia, f female, m male, 
MTC medullary thyroid cancer, LNM lymph node metastasis, nd not determined
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involving RET have been described. Patients with presumed sporadic MTC should 
have genetic testing to detect a germline RET mutation. If a RET mutation is con-
firmed, the patient should have genetic counseling, and the same should be offered 
to all first-degree relatives of patients with proven hereditary MTC.

The c.2671T>G (p.S891A) RET missense mutation  affects 2.9–9.8 % of all RET 
gene carriers across geographic boundaries [1, 2], depending on the intensity of 
national screening programs (every patient diagnosed with MTC as opposed to no 
more than family screening for confirmation of clinically manifest disease) and the 
presence of founder effects [3]. Within the spectrum of hereditary C cell disease, the 
S891A mutation is part of a group of intracellular RET mutations (tyrosine kinase 
sub-domain 2) and carries a low-moderate risk for aggressive MTC [American 
Thyroid Association (ATA) risk level MOD] [4, 5]. Carriers of the p.S891A muta-
tion have a <10 % risk of pheochromocytoma or hyperparathyroidism [6].

Because of the weaker genotype-phenotype relationship and the C cells’ need to 
acquire additional mutations (dubbed “second hits”) for malignant transformation, 
there is more variability in the onset of MTC (range 13–48 years) among carriers of 

Gene carrier (female, male)

1.1*

2.1* 2.3*

1.2

2.2

3.1.1 3.1.2* 3.1.3 3.2.1 3.2.2 3.2.3 3.2.4

Female or male without S891A mutation

Index patient of the family

* Patients with MTC 

Fig. 41.1 Pedigree of the three-generational family carrying the heterozygous p.S891A RET 
mutation. Filled circle, filled square Gene carrier (female, male). Open circle, open square Kindred 
(female, male) without p.S891A mutation. Open circle with filled square Male index patient of the 
family. Asterisk Patients with MTC
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the p.S891A mutation [1, 2, 5, 7], reflecting the play of chance. This variability 
hampers predictions regarding the age by which tumors will have developed. This 
is why a carrier’s age is less useful than his or her calcitonin levels to determine the 
optimum time for prophylactic thyroidectomy [8, 9]. Basal calcitonin levels within 
the upper normal range of the assay can reliably distinguish between C cell diseases 
limited to, or spreading beyond, the confines of the thyroid capsule so that these 
patients can safely forego central lymph node dissection, sparing them incremental 
surgical morbidity [2, 7–9]. For an individual patient with p.S891A ATA MOD low- 
moderate- risk mutation as in the presented family, prophylactic parathyroid pre-
serving thyroidectomy without node dissection should be performed before basal 
calcitonin levels are exceeding the upper normal limit. Lymph node metastases have 
only been observed in patients with calcitonin levels beyond the upper normal limit 
(2, 4, 7–9). It is important to note that basal calcitonin levels as high as 33.8 pg/mL 
in 1-month-old newborns, 14.1 pg/mL in 1-year-old children, and 8.5 pg/mL in 
2-year-old children can be normal [10]. Because it is less sensitive than calcitonin 
to spot MTC in hereditary C cell disease, ultrasonography is only of limited use for 
the clinical workup of pediatric RET mutation carriers [11].

Fig. 41.2 Ultrasound of 
the left thyroid lobe 
visualizing a medullary 
thyroid microcarcinoma of 
5 mm in size (patient 2.3)
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 Management of the Cases

After informed consent, balancing the pros and cons, all eight non-index patients 
(including those children who had normal or slightly elevated basal calcitonin levels 
only) opted for surgical treatment. As detailed in Table 41.1 and Fig. 41.1, MTC or 
CCH was present in seven of eight patients and in all three generations, including 
the 17-year-old adolescent gene carrier (patient 3.1.2; Table 41.1 and Fig. 41.1). No 
lymph node metastases were seen up to a basal calcitonin serum level of 60 pg/
mL. One carrier (patient 2.3) also harbored a 1 mm papillary thyroid microcarci-
noma in addition to bilateral MTC, in all likelihood a chance occurrence [12]. 
Intriguingly, it was the 78-year-old grandmother, displaying high basal calcitonin 
serum levels, who had node-positive MTC (patient 1.1), and not the index patient 
who was operated on elsewhere.

 Outcome

All non-index patients with node-negative C cell disease were biochemically cured, 
as shown in Table 41.1, and made an uneventful recovery without recurrent laryn-
geal nerve palsy or postoperative hypoparathyroidism. As long as basal calcitonin 
serum levels did not exceed the upper limit of the assay reference range, total thy-
roidectomy alone was adequate to reach biochemical cure.

Clinical Pearls/Pitfalls
• The p.S891A RET mutation carries a low-moderate risk for aggressive 

MTC. Manifestation of MTC has not been described before age 17.
• Owing to the considerable variation in the time of malignant transforma-

tion from C cell hyperplasia to MTC and tumor spread to lymph nodes, 
preoperative calcitonin levels, being more sensitive than ultrasonography 
in detecting pediatric MTC, should be considered for the timing of prophy-
lactic thyroidectomy.

• As long as calcitonin serum levels are within the normal range, prophylac-
tic parathyroid preserving thyroidectomy alone is adequate, sparing gene 
carriers the incremental surgical morbidity attendant to lymph node 
dissection.

• Elevated basal calcitonin levels in excess of 60 pg/mL are associated with 
an increased risk of lymph node metastases, warranting compartment  
-oriented lymph node dissection.
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Chapter 42
Anaplastic Thyroid Cancer: Surgery 
or Not in Locally Advanced Disease

Ashish V. Chintakuntlawar, Keith C. Bible, and Robert C. Smallridge

 Introduction

Anaplastic thyroid carcinoma (ATC) is one of the most aggressive and lethal of all 
malignancies, accounting for approximately 1.7 % of all thyroid cancers in the USA 
and a median of 3.6 % (range, 1.3–9.8 %) worldwide [1]. According to the American 
Joint Committee on Cancer (AJCC) TNM classification, ATC is always stage IV at 
presentation; stage IVA tumors are intrathyroidal, IVB tumors have extrathyroidal 
extension and may involve locoregional lymph nodes, and IVC tumors are distantly 
metastatic.

Survival generally correlates inversely with TNM stage and correlates directly/
positively with extent of surgery, administration of high-dose radiotherapy, and 
absence of distant metastases. The American Thyroid Association management 
guidelines for ATC recommends initial surgery in potentially grossly resectable 
(R0, negative surgical margins; R1, microscopically involved margins) stage IVA or 
IVB disease in patients who are in reasonably good health and who elect aggressive 
treatment [1]. The role of R2 (gross residual disease)/debulking/resection is uncer-
tain. In this chapter, we will discuss the role of surgery in the treatment of ATC.
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 Case Report

A 60-year-old Caucasian gentleman noticed a left-sided neck swelling that grew 
rapidly over 2–3 weeks, seeking medical care locally. He denied symptoms of local 
invasion such as dysphagia, stridor, hoarseness, or pain. He underwent neck ultra-
sound that demonstrated a large neck mass likely arising from the thyroid gland. 
Fine needle aspiration demonstrated high-grade carcinoma, likely undifferentiated/
anaplastic thyroid carcinoma, but other high-grade carcinomas including medullary 
or insular carcinoma could not be excluded. Tissue was insufficient for further clas-
sification. The patient had no significant medical comorbidities but had a long his-
tory of smoking tobacco.

He was referred to our institution and underwent further testing including CT of 
the neck and positron emission tomography-CT (PET-CT) from the skull to thigh. 
PET-CT scan demonstrated a large mass in the left neck that resulted in deviation of 
the trachea (Fig.  42.1a and b) but showed no evidence of any distant metastatic 
disease. After a thorough multidisciplinary evaluation that included radiation oncol-
ogy, medical oncology, endocrinology, and head and neck surgery, surgical resec-
tion was recommended. The patient underwent near-total thyroidectomy and left 
modified neck dissection with recurrent laryngeal nerve monitoring. Surgical 
pathology demonstrated high-grade carcinoma most compatible with anaplastic 

a

b

Fig. 42.1 Positron 
emission tomography-CT 
scan with coronal (a) and 
axial (b) images of large 
left thyroid mass with 
central necrosis. Mass 
results in deviation of the 
trachea. The glottic 
opening is preserved
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(undifferentiated) thyroid carcinoma measuring 14.0 x 9.8 x 7.5 cm. Margins were 
negative but close at less than 1 mm. Tumor cells were negative for S100, TTF-1, 
and thyroglobulin but positive for cytokeratins.

Postoperative course was complicated by infection and development of seroma 
(drained and treated with amoxicillin-clavulanic acid complicated by antibiotic- 
associated diarrhea). Ultimately, 4 weeks after his operation, the patient initiated 
adjuvant chemoradiotherapy with weekly docetaxel and doxorubicin, 20 milligram/
meter square each administered intravenously. His treatments were complicated 
with mucositis, oral candidiasis, malnutrition, and need for percutaneous gastric 
feeding tube. He received a total dose of 60 Gy external beam radiotherapy and four 
out of his six planned doses of chemotherapy.

Five months later, the patient developed a left lower lobe lesion in the medial 
lung, measuring 2.5 cm. This was treated with stereotactic radiotherapy, 48 Gy in 
four fractions.

 Literature Review

A PubMed search for “anaplastic thyroid cancer” and “surgical resection” was per-
formed for publications from January 2000 to November 2019. We intended to 
include studies that explored the role of surgery in the treatment of ATC. One hun-
dred and eleven publications were found. Expert reviews and case reports were 
excluded. Studies from single institutions with large cohorts (>50 patients), system-
atic reviews/meta-analysis, and population-based studies were reviewed. References 
from these studies were reviewed so as to also capture additional studies. One recent 
study exploring the role of neoadjuvant BRAF-MEK inhibitor therapy was also 
included considering the novelty of the approach in the treatment of ATC [2–36].

Most of these examined studies, including the population-based studies and sys-
tematic reviews, demonstrated that surgical treatment was independently prognostic 
of better survival, especially when combined with postoperative radiotherapy or 
chemoradiotherapy [3–5, 8, 9, 15, 22, 25, 26]. For example, from the Korean multi-
center nationwide study (2000–2012), the patients who underwent curative resec-
tion followed by adjuvant radiotherapy or chemoradiotherapy showed the best 
1-year overall survival rate of 50.2%. Most patients with stage IVA (80.6%) and 
IVB (73.6%) disease were treated with curative surgical resection followed by adju-
vant therapy and led to significant survival benefit. This survival benefit was, how-
ever, not seen in stage IVC patients [4]. Similar results were also obtained with 
aggressive multimodality therapy at the authors’ institution in this same time period 
[6]. On the other hand, patients from the National Cancer Database (1998–2012) 
who were treated without any upfront surgery but received >60 Gy radiotherapy 
dose had 1-year overall survival of 31% [3].

There were very few studies that demonstrated no benefit of surgery. For exam-
ple, Besic et al. examined outcomes in 26 patients in the primary surgery group and 
53 in the nonsurgical group. Patients with distant metastases at presentation were 
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excluded. Patients in the nonsurgical group had larger tumors and were older. When 
directly compared, there was no difference in the overall survival of these two 
groups [37]. Kim et al. demonstrated in a multicenter study that multimodality ther-
apies including surgical resection were not associated with overall survival on a 
multivariable analysis [32].

It is also clear from the reviewed studies that locoregional control is improved 
with multimodality therapy that includes surgery. A general exclusion criterion 
for offering surgery has been presenting with stage IVC disease, as reflected in 
the ATA guidelines which recommend radiotherapy and chemotherapy for those 
desiring aggressive treatment [1]. However, Brignardello et al. [14] observed that 
surgery may have a role in patients presenting with distant metastases. They 
examined 55 patients (31 with stage IVC disease) who underwent either “maxi-
mal debulking” (R0, R1, or R2 resection with only minimal residual macroscopic 
tumor) or “partial debulking.” Maximal debulking was associated with improved 
median survival in both stage IVB (10.9 vs. 3.0 months) and IVC (6.5 vs. 3.2 
months) patients. The improvement in overall survival was attributed to fewer 
deaths from locoregional tumor progression. However, most studies demonstrated 
no overall survival benefit in stage IVC patients [4, 6] as locoregional control 
could also be alternatively obtained from chemoradiotherapy [25]. Therefore, sur-
gery likely has a less important role in stage IVC ATC patients for locoregional 
control.

All of the examples presented above, however, reflect retrospective analyses. 
There were no prospective studies except for two older studies from Europe – which 
also showed that surgical resection is an important prognostic factor [35, 38]. The 
recently completed RTOG 0912 trial also included patients with or without surgery, 
and hence a post hoc analysis of this cohort could also inform us about the role of 
surgery in a prospective fashion. There are no studies with randomized prospective 
comparison of a surgical versus nonsurgical approach. Therefore, it is not possible 
to conclude definitively, and conclusions presented here are best considered hypoth-
esis generating. However, in the authors’ opinion, surgical treatment should be pre-
ferred whenever feasible commensurate with the guidelines from the American 
Thyroid Association.

Presurgical evaluation should be completed expeditiously by an expert multidis-
ciplinary team so as not to delay therapy for this rapidly growing malignancy. 
Surgery is not recommended if there is overt involvement of the pharynx, larynx, 
trachea, or esophagus, if mediastinal vessels are involved, or if prevertebral fascia 
and paraspinous muscles are involved.

The approach to surgical therapy for ATC could be categorized into three sepa-
rate pathways (Fig. 42.2). The most common approach is to proceed with upfront 
surgical resection followed by adjuvant therapy [6, 11]. Several studies from Europe 
have alternatively utilized an approach where neoadjuvant chemoradiotherapy is 
utilized with an intention to proceed with surgical resection thereafter [7, 35]. As 
previously mentioned, up to half of ATCs carry the BRAFV600E somatic mutation, 
thereby providing an opportunity for initial/neoadjuvant targeted systemic therapy 
[39, 40]. Capitalizing on this genetic aberration, a recent study investigated the use 
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of targeted therapy in BRAF-mutated ATC as a neoadjuvant therapy, with the goal 
to proceed to surgical resection as feasible depending upon therapeutic response [2]. 
This is an exciting development that needs further careful study in larger popula-
tions to confirm the feasibility and efficacy.

 Summary

The preponderance of the literature supports the notion that patients with ATC incur 
longer survival if they undertake complete or near-complete surgical resection (R1). 
However, no studies to date have been randomized. It is quite possible therefore that 
available studies are biased, with elderly and/or more debilitated patients and/or 
those who have extensive unresectable locoregional disease or widespread distant 
metastases less likely to be offered surgery. Given severe molecular dysregulation in 
ATC [39, 41], the recognition that almost all patients eventually die from their dis-
ease (suggesting micrometastases upon presentation), and the observation that some 
patients may respond to targeted therapy exquisitely with durable responses [2, 40], 
the exact role of surgery in each individual patient is best determined by an experi-
enced multidisciplinary team. Multicenter prospective studies can be designed to 
better characterize and optimize the individual contributions of surgery, external 
radiation, and systemic therapies (both cytotoxic and targeted).

 Back to the Patient

Returning to our patient, he remains alive and active with a good quality of life, with 
no evidence of disease 5.5 years after his diagnosis. We propose that aggressive 
multimodal therapy directed at both locoregional control and control of systemic 

Sx Chemoradiation

Chemoradiation Sx

BRAF/MEK inhibitor Sx Chemoradiation

Pathway 1:

Pathway 2:

Pathway 3:

Fig. 42.2 Three distinct treatment pathways wherein surgery (Sx) could be employed in the treat-
ment of anaplastic thyroid carcinoma. The most common program involves upfront surgical resec-
tion with adjuvant chemoradiotherapy (top). Less commonly, chemoradiotherapy could also be 
employed in neoadjuvant fashion followed by surgical resection where feasible (middle). Recently, 
in BRAF-mutated anaplastic thyroid carcinoma, systemic therapy with a BRAF/MEK inhibitor 
combination was used as initial therapy followed by surgical resection of anaplastic thyroid carci-
noma. Adjuvant therapy was delivered in select patients (bottom). Sx surgery
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disease currently offers the best opportunity for prolonging survival, but with con-
siderable side effect and complication risks. We have, however, much to learn about 
this horrific tumor.
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Chapter 43
A Patient with BRAFV600E-Mutated 
Anaplastic Thyroid Cancer with Metastatic 
Disease

Maria E. Cabanillas and Jennifer R. Wang

Anaplastic thyroid cancer (ATC) is a deadly disease, and, until recently, little prog-
ress had been made to change the outcomes of these patients. In 2018, the US Food 
and Drug Administration (FDA) approved a BRAF/MEK inhibitor combination, 
dabrafenib/trametinib, for BRAFV600E-mutated ATC. These drugs are highly effi-
cacious in this ATC subtype, and therefore, BRAFV600E status is now part of the 
initial evaluation for all ATC patients. Dabrafenib/trametinib is now the standard of 
care for BRAFV600E-mutated ATC patients in the USA.

 Case Presentation

A 72-year-old woman presented to the local emergency room with dyspnea and 
palpitations. She was found to have a right-sided neck mass, a pulmonary embo-
lism, and a large pleural effusion. Thoracentesis was performed, revealing meta-
static adenocarcinoma, positive for PAX8 (diffuse) and TTF-1 (weak) and negative 
for thyroglobulin and estrogen receptor, compatible with a thyroid primary. 
Ultrasound of the neck revealed a 5.5 cm partially cystic mass in the right supracla-
vicular region and multiple thyroid nodules. CT scan of the neck and chest revealed 
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similar findings as well as mediastinal adenopathy. Taken together, the clinical pic-
ture was consistent with stage IVC ATC.  The patient subsequently underwent 
biopsy of the supraclavicular mass, which showed poorly differentiated carcinoma. 
The patient was referred to an academic cancer center.

On initial staging FDG-PET/CT, shown in Fig.  43.1, (panel a), a large right 
necrotic mass adjacent to right thyroid hypermetabolic nodule was identified. 
Additional sites of disease included bilateral cervical lymph nodes, bilateral pulmo-
nary nodules, a left sternal bone metastasis, and paracaval lymph nodes. An MRI of 
the brain showed no evidence of metastatic disease.

Fine-needle aspiration with cell block preparation of the supraclavicular lesion 
was performed in order to obtain immunohistochemistry staining for 
BRAFV600E.  The biopsy showed high-grade, poorly differentiated carcinoma 
with squamoid features, positive for PAX-8, TTF-1, and BRAFV600E. She was 
started on dabrafenib 150mg twice a day and trametinib 2mg once daily by mouth. 
The patient noticed a rapid reduction in her neck mass. Restaging FDG-PET scan 
performed 2 months after starting dabrafenib/trametinib (Fig. 43.1, panel b) showed 
significant reductions in size and FDG avidity within the right supraclavicular 
mass, right thyroid nodule, sternal metastasis, bilateral lung, pleural, and nodal 
disease in the chest and abdomen. The patient’s disease has remained stable on 
dabrafenib/trametinib.

a

b

Fig. 43.1 Pre- and post-treatment FDG-PET/CT imaging. (a) Baseline FDG-PET/CT imaging 
showing a right supraclavicular mass with an SUV of 32, a small right-sided thyroid nodule in the 
neck (left panel), and multiple mediastinal adenopathy and left pleural effusion (right panel). (b) 
FDG-PET/CT was performed after treatment with dabrafenib/trametinib for 2 months, showing 
near resolution of metastatic lymphadenopathy in the neck and lungs. The right thyroid nodule 
shows significantly less metabolic activity
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 Assessment and Literature Review

ATC is a rare form of thyroid cancer and the most aggressive. The clinical picture is 
of a rapidly growing neck mass causing dyspnea, stridor, hoarseness, and/or dys-
phagia. Because ATC is often derived from well-differentiated thyroid cancer (“ana-
plastic transformation”), patients may report a history of prior thyroid cancer. The 
diagnosis of ATC can be made via fine-needle (FNA), core, or incisional biopsy. 
Core biopsy or FNA with a cell block preparation is preferred, to allow for immu-
nohistochemical staining for BRAFV600E and molecular testing. Image guidance 
is helpful to avoid tumor areas with significant necrosis to increase diagnostic yield.

BRAFV600E is the most common actionable mutation in ATC and influences 
initial treatment. Thus it must be assessed at diagnosis in all ATC patients. Although 
next-generation sequencing (NGS) of tumor is the gold standard for molecular test-
ing, results can take several weeks to obtain. Therefore, rapid methods are used as 
an adjunct to NGS. The most rapid method is immunohistochemistry (IHC) staining 
for BRAFV600E protein [1]. This test should only be performed on FNA cell blocks 
or core/surgical specimens to maximize accuracy. The second test is cell-free DNA 
(cfDNA) on peripheral blood specimens [2, 3]. The pathologic diagnosis is at times 
difficult to make, as this is a rare tumor and there are many pathologic morpholo-
gies, some of which can mimic other cancers. For example, the squamous morphol-
ogy is often confused with squamous cell carcinoma of the head and neck or lung.

Assessment of the airway, staging, and BRAFV600E status should be performed 
quickly and in tandem, in order to initiate treatment as soon as possible. The first 
step is to ensure that the airway is secure. The airway may be threatened by vocal 
cord paralysis, laryngeal edema, external compression, and/or direct invasion by 
disease. Laryngoscopy should be performed on all patients with a new diagnosis of 
ATC. Tracheostomy may be necessary to secure the airway in patients presenting 
with significant respiratory distress. Patients without respiratory distress or con-
cerning physical exam findings may not require upfront prophylactic tracheostomy. 
Imaging of the neck and chest with contrast is necessary for staging and determina-
tion of resectability. Cross-sectional imaging with CT or MRI of the body and brain 
is also necessary to determine the extent of disease at other sites, as 50% of patients 
have distant metastases at diagnosis. FDG-PET/CT is very helpful with identifying 
areas of metastasis that may be difficult to evaluate with cross-sectional imag-
ing alone.

Once staging is complete and BRAFV600E status has been determined, further 
treatment planning can start. Surgery can be considered as the primary treatment for 
stage IVA patients who are fit for surgery and can undergo resection without signifi-
cant morbidity. Stage IVB patients (nodal metastasis or disease extending outside 
the thyroid without distant metastasis) with resectable disease may also be consid-
ered for upfront surgery on a case-by-case basis with goals of achieving complete 
resection. Surgery that leaves behind gross disease (R2) is not beneficial to patients 
and should not be performed. Furthermore, radical surgery such as laryngectomy 
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and/or esophagectomy is not recommended in ATC patients. Stage IVB patients 
who do not have a BRAFV600E mutation and cannot be treated with surgical resec-
tion should receive external beam radiation to the neck with concomitant chemo-
therapy. Those who do have BRAFV600E-mutated stage IVB ATC may also undergo 
upfront chemoradiation. However, a newer approach to these patients is to start 
neoadjuvant dabrafenib plus trametinib and later undergo surgical resection fol-
lowed by chemoradiation [4]. Ongoing clinical trials are evaluating whether this 
approach leads to improved survival.

Until recently, there were no effective systemic therapies for patients with stage 
IVC disease (distant metastasis). Targeted therapy against BRAFV600E with dab-
rafenib plus trametinib has shown high response rates (69%) and improved survival 
[5]. The median progression-free and overall survival were 14 and 20 months in 
clinical trial, respectively [6]. The BRAF/MEK inhibitor combination, dabrafenib/
trametinib, is now approved in the USA and considered the standard of care for 
patients with tumors harboring a BRAFV600E mutation. It should be recognized, 
however, that the clinical trial that led to the approval enrolled only patients able to 
swallow whole pills. This likely biased the patient population. Others have reported 
shorter median overall survival [7, 8] and treatment resistance [9]. Thus, newer 
approaches to deter resistance, such as the addition of immunotherapy to the BRAF/
MEK inhibitor combination [10], are being studied at this time.

In addition to BRAFV600E, gene fusions, particularly NTRK and RET fusions, 
are also potentially actionable in patients with ATC. There are currently selective 
NTRK and RET inhibitors approved for solid tumors harboring these fusions [11–
14]. However, these alterations are rare in ATC, and response rates have not been 
established in a larger population of ATC patients.

Patients without an actionable mutation or fusion still lack effective therapies. 
Thus, patients with stage IVC without a BRAFV600E mutation should be referred 
for clinical trials. Emerging research suggests that the anti-PD1 checkpoint inhibi-
tor, spartalizumab, may have efficacy in ATC patients with high PD-L1 expression 
and in those without a BRAFV600E mutation [15]. Combinations of checkpoint 
inhibitors [16] or checkpoint inhibitors plus targeted therapy [10] have also been 
studied in ATC and appear promising.

Clinical Pearls/Pitfalls
• BRAFV600E mutation status is now part of the initial evaluation of ATC 

patients.
• Rapid BRAF testing should be performed by immunohistochemistry on 

tumor biopsy specimens and/or assessment of cell-free DNA in periph-
eral blood.

• Dabrafenib (BRAF inhibitor) and trametinib (MEK inhibitor) are effective 
for ATC patients with BRAFV600E mutation and now the standard of care.

• Stage IVC ATC patients without a BRAFV600E mutation should be treated 
within the context of a clinical trial, as there are still no effective therapies 
for these patients.

M. E. Cabanillas and J. R. Wang
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